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DRAFT 
PRETTY LAKE DIAGNOSTIC STUDY 

MARSHALL COUNTY, INDIANA 
 

EXECUTIVE SUMMARY 
 
Pretty Lake is a 97-acre (39.3 ha) natural lake that lies in the Yellow Creek (Kankakee) 
watershed near Plymouth, Indiana. Pretty Lake’s watershed encompasses 
approximately 539 acres (218 ha) including the area of the lake.  Slightly more than half 
of the area draining to the lake (230/442 acres or 93/179 ha) is utilized for row crops.  
Forested areas, grasslands, and wetlands cover approximately 68 acres (27 ha) or 12% 
of the entire watershed, while residential land uses account for less than 5% of the 
watershed’s total acreage.  Comparatively, the Country Club covers 22% and Pretty 
Lake itself covers 18% of the total watershed.   
 
Pretty Lake has one “tributary” drainage that enters the lake through a drainage tile on 
the north side of the lake.  This tile drainage carries water from approximately 202 acres 
(82 ha) of the watershed. There is no legal name for this drainage as it is a privately 
installed tile and not regulated by any governmental agency.   At the time of this draft a 
water quality sample had not been collected from this drainage due to it sporadic and 
minimal flows.  The task of collecting and analyzing the sample remains before this 
document is completed.  The remainder of the water flowing to the lake comes directly 
from the 240 acres (97 ha) surrounding the lake. 
 
Pretty Lake itself contains excellent water quality.  Historical data for the lake suggest 
that Pretty Lake’s water quality has remained relatively stable or declined only slightly 
over the past 33 years of occasional samples.  The lake has better water clarity and 
lower nutrient levels than most Indiana lakes.  Evaluating the lake using various trophic 
state indices suggest the lake is oligotrophic to mesotrophic in nature.  However, Pretty 
Lake’s phosphorus concentration has the potential to increase the lake’s productivity. 
Pretty Lake supports a diverse submerged plant community that includes two state 
listed species. 
 
The lake possesses a long hydraulic residence time of 3.0 years.  Therefore, continued 
good water quality in Pretty Lake will require in-lake management and shoreline best 
management practices.  Pretty Lake’s relatively small watershed area to lake area ratio 
of 5.6:1 suggests near shore residents have substantial control over influencing the 
health of their lake. 
 
Recommended management techniques include:  cultivating near shore aquatic 
vegetation, phosphorus free fertilizer use, proper disposal of organic wastes, 
stormwater filtration, and purple loosestrife control.    The recommended sampling of the 
tile drainage may result in recommendations to intercept the flow with a wetland filter or 
open water pond. 
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PRETTY LAKE DIAGNOSTIC STUDY 

MARSHALL COUNTY, INDIANA 
 
1.0 INTRODUCTION 
Pretty Lake is a 97-acre (39.3-ha) natural lake that lies in the west central portion of Marshall 
County, Indiana (Figure 1).  Specifically, the lake is located in Section 11 of Township 33 North, 
Range 1 East in Marshall County. The Pretty Lake watershed stretches out to the north and 
west of the lake encompassing approximately 539 acres (218 ha or 0.84 square mile; Figure 2). 
Water discharges through the lake’s outlet in the southeast corner. Water from Pretty Lake’s 
outlet flows east into Dixon Lake and eventually reaches the Kankakee River and flows to the 
Gulf of Mexico.  
 

Figure 1. General location of the Pretty Lake watershed, Marshall County, Indiana 
Source: DeLorme, 1998. 
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Figure 2. Pretty Lake watershed, Marshall County, Indiana  
 

In comparison to other lakes in the region, Pretty Lake water quality has remained relatively 
stable.  Historical records from the past twenty years show the lake’s Secchi disk transparency 
(a measure of water clarity) has been consistently greater than 12 feet (3.7 m) compared to a 
regional median of less than 6.9 feet (2.1 m) (CLP, unpublished data).   Nutrient levels have 
remained relatively low within Pretty Lake.  Total phosphorus concentrations remain below the 
median values of surrounding lakes.  Primary productivity of the lake (algae and plant growth) 
has been low as well.  None of the chlorophyll a concentrations exceed the median 
concentration measured in Indiana lakes (12.9 g/L). 
 
In addition to exhibiting good water quality, Pretty Lake possesses an extremely diverse aquatic 
plant community and continues to be a good lake for fishing. Nineteen aquatic plant species 
were identified in the lake during the most recent assessment (Aquatic Control, 2007)  
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This is a reflection of Pretty Lake’s good water clarity. However, three exotic species including 
Eurasian watermilfoil, curly-leaf pondweed, and purple loosestrife were identified within the 
confines of Pretty Lake. 
 
Pretty Lake’s fish community is typical of most Indiana Lakes with bluegill and largemouth bass 
being the dominate sport fishes. The last and only general fisheries survey occurred 40 years 
ago so very little is known about the current state of the fishery. Pretty Lake exhibits good water 
quality suggesting the fishery would be influenced most by the introduction of additional exotic 
plant and animal species, active reduction of existing exotic plant species, changes in angler 
harvest or pressure, or global climate change. A general fisheries survey would need to be 
completed to determine the current state of the Pretty Lake fishery.  
 
Despite the lake’s excellent water quality and its ability to provide good fishing, long-time 
residents have noticed changes in the lake's vegetation over the past several years. 
Specifically, emergent vegetation beds have decreased in size, while more nuisance vegetation, 
including Eurasian watermilfoil, appears to have expanded its coverage in the lake.  Residents 
have also noted a decrease in the lake’s water clarity in some portions of the lake following 
large rain events.  These changes have negatively impacted the residents’ enjoyment of the 
lake and increased their desire to protect the lake’s health and future. 
 
The purpose of the diagnostic study was to describe the conditions and trends in Pretty Lake 
and its watershed, identify potential problems, and make prioritized recommendations 
addressing these problems.  The study consisted of a review of historical studies, interviews 
with lake residents and state/local regulatory agencies, the collection of current water quality 
data, pollutant modeling, and field investigations.  In order to obtain a broad understanding of 
the water quality in Pretty Lake and the water entering the lake, the diagnostic study included an 
examination of the lake water chemistry and the tile inlet nutrients and bacteria entering the 
north side of the lake.   This report documents the results of the study. 
 
 
2.0 WATERSHED CHARACTERISTICS 
 
2.1 Topography and Physical Setting 
Pretty Lake is a headwaters lake in the Mississippi River Basin. The lake and its 539-acre (218-
ha) watershed lie south of the north-south continental divide. Similar to its more famous cousin, 
the east-west Continental Divide, which divides the United States into two watersheds, one that 
drains to the Atlantic Ocean and one that drains to the Pacific Ocean, the north-south 
continental divide separates the Mississippi River Basin (land that drains south to the 
Mississippi River) from the Great Lakes Basin (land that drains north to the Great Lakes). As 
part of the Mississippi River Basin, water exits Pretty Lake near the lake’s southeast corner and 
flows east into Dixon Lake. Water from Dixon Lake flows east into the Yellow River.  The Yellow 
River transports water to the Kankakee River, which empties into the Illinois River, ultimately 
reaching the Mississippi River in southwestern Illinois and flowing to the Gulf of Mexico. 
 
The topography of the Pretty Lake watershed reflects the geological history of the watershed. 
The highest areas of the watershed lie along the watershed’s southern and western edges. The 
rolling topography and depressions in the landscape are ice-marginal remnants of the 
Wisconsin age. In this region, glacial deposits from the Michigan and Erie Lobes of ice are 
present in end moraines, kettle lakes, scoured channels, and outwash plains. Along the 
watershed’s western boundary, the elevation nears 830 feet above mean sea level. The ridges 
along the watershed’s southern boundary are nearly as high (825 feet msl), and are equally as 
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steep as the ridge along the western watershed boundary. Pretty Lake occupies the lowest point 
in the watershed (787 feet or 239.8 m msl). Figure 3 presents a topographical relief map of the 
Pretty Lake watershed. 
 

 
Figure 3. Topographical map of the Pretty Lake watershed, Marshall County, Indiana.  
 
2.1.1 Pretty Lake watershed  
Surface water drains to Pretty Lake via two primary routes: through an unnamed drainage tile, 
which enters the lake from the Plymouth County Club on the northwest shoreline, and via direct 
drainage from the surrounding landscape. The tile drain carries water from approximately 202 
acres (81.7 ha or 37.5%) of the watershed north of Pretty Lake (Table 1). This drain is 
considered a private drainage tile and not a legal drain. The remaining 44.5% of the land in the 
Pretty Lake watershed (240 acres or 97.1 ha) drains directly to Pretty Lake (Figure 4).  
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Figure 4. Pretty Lake watershed, Marshall County, Indiana.  
 
Table 1. Watershed and subwatershed sizes for Pretty Lake, Marshall County, Indiana. 

Subwatershed/Lake Area 
(acres) 

Area 
(hectares) Percent of Watershed 

Unnamed Tributary  202 81.7 37.5% 
Area draining directly to Pretty Lake 240 97.1 44.5% 
Watershed Draining to Lake 442 178.9 82.0% 
Pretty Lake 97 39.3 18.0% 
Total Watershed  539 218.1 100% 
Watershed to Lake Area Ratio 5.6:1 
 
Table 1 also provides the watershed area to lake area ratio for Pretty Lake.  Watershed size and 
watershed to lake area ratios can affect the chemical and biological characteristics of a lake.  
For example, lakes with large watersheds have the potential to receive greater quantities of 
pollutants (sediments, nutrients, pesticides, etc.) from runoff than lakes with smaller watersheds. 
For lakes with large watershed to lake ratios, watershed activities can potentially exert a greater 
influence on the health of the lake than lakes possessing small watershed to lake ratios.  
Conversely, for lakes with small watershed to lake ratios like Pretty Lake, shoreline activities 
and internal lake processes may have a greater influence on the lake’s health than lakes with 
large watershed to lake ratios. 
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Pretty Lake possesses a watershed area to lake area ratio of approximately 5.6:1.  This is a 
fairly low watershed area to lake area ratio for glacial lakes (Vant, 1987).  This ratio is also 
relatively normal when compared to other lakes in northern Indiana.  For example, Myers Lake 
in Marshall County, which is similar in size to Pretty Lake, has a watershed area to lake area 
ratio of approximately 8:1. In contrast, Lake Tippecanoe, Ridinger Lake, and Smalley Lake are 
glacial lakes in the Upper Tippecanoe River watershed in Kosciusko, Noble, and Whitley 
Counties that possess watershed area to lake area ratios of 93:1, 165:1, and 248:1, 
respectively. All of these lakes have extensive watersheds compared to Pretty Lake. 
 
In terms of lake management, Pretty Lake’s watershed area to lake area ratio indicates that 
near lake (i.e. shoreline) and in-lake activities and processes can potentially exert a significant 
influence on the health of the Lake. The relatively small watershed area to lake area ratio should 
be considered when prioritizing the use of limited funds for lake management.   Implementing 
best management practices (BMP’s) such as maintaining native vegetation along the lake’s 
shoreline should be a high priority. BMP’s in the near shore areas such as fertilizer 
management, stormwater treatment, proper disposal of organic wastes (leaves, lawn clippings, 
animal wastes) should also receive special attention.     
 
2.2 Climate 
Indiana Climate 
Indiana’s climate can be described as temperate with cold winters and warm summers.  The 
National Climatic Data Center summarizes Indiana weather in its 1976 Climatology of the United 
States document no. 60: “Imposed on the well known daily and seasonal temperature 
fluctuations are changes occurring every few days as surges of polar air move southward or 
tropical air moves northward.  These changes are more frequent and pronounced in the winter 
than in the summer.  A winter may be unusually cold or a summer cool if the influence of polar 
air is persistent.  Similarly, a summer may be unusually warm or a winter mild if air of tropical 
origin predominates.  The action between these two air masses of contrasting temperature, 
humidity, and density fosters the development of low-pressure centers that move generally 
eastward and frequently pass over or close to the state, resulting in abundant rainfall.  These 
systems are least active in midsummer and during this season frequently pass north of Indiana” 
(National Climatic Data Center, 1976).  Prevailing winds in Indiana are generally from the 
southwest but are more persistent and blow from a northerly direction during the winter months.   
 
Pretty Lake Watershed Climate 
The climate of Marshall County is characteristic of northern Indiana exhibiting warm summers 
and cold and snowy winters.  Winters in Marshall County typically provide enough precipitation, 
in the form of snow, to supply the soil with sufficient moisture to minimize drought conditions 
when the hot summers begin.  Winters are cold in Marshall County, averaging 27º F (-2.8º C), 
while summers are warm, averaging 71º F (21.7º C).  Marshall County’s highest recorded 
temperature was 109º F (42.8º C) on June 20, 1953.  Mild drought conditions occur occasionally 
during the summer when evaporation is highest.  Historic data from 1951 to 1974 suggest that 
the growing season (defined as days with an air temperature higher than 40º F or 4.4º C) in 
Marshall County is typically 139 days long, although it can last as long as 164 days (Smallwood, 
1980). The last day of freezing temperatures in spring usually occurs around May 6, while the 
first freezing temperature in the fall occurs around October 5.  During summer, average relative 
humidity differs greatly over the course of a day averaging 80% at dawn and dropping to an 
average of 60% in mid-afternoon. The average annual precipitation is 39.76 inches (100.9 cm). 
Table 2 displays the average annual precipitation data for Marshall County as well as 
precipitation data for 2008. In 2008, approximately 46 inches (116.8 cm) of precipitation was 
recorded at Plymouth in Marshall County (Table 2). When compared with the 30-year average 
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for the area, the 2008 annual rainfall exceeded the average by approximately 6.8 inches 
(17.2cm). 
 
Table 2.  Monthly rainfall data (in inches) for 2008 as compared to average rainfall.   
 Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Total 
2008 5.09 5.72 2.37 2.89 4.23 3.96 2.97 3.03 7.4 2.84 1.26 4.42 46.18
Average 2.16 1.86 2.85 3.96 4.27 4.48 3.74 3.35 3.58 3.19 3.19 2.78 39.41 
All data were recorded at Plymouth Power Substation.  Averages are 30-year normals based on available weather 
observations taken during the years of 1971-2000 (NOAA, 2008).  
 
2.3 Geology 
The advance and retreat of the glaciers in the last ice age (the Wisconsin Age) removed, 
shaped and reshaped much of the landscape found in Indiana today. In the northern portion of 
the state, ground moraines, end moraines, lake plains, outwash plains, and other geologically 
complex features dominate the landscape. Further, the interaction of three glacial lobes, 
(Michigan Lobe, Saginaw Lobe, and the Erie Lobe, respectively) left behind a vast array of 
deposits and landforms that changed the region’s hydrogeology. In comparison to the central 
portion of the state, surface water, groundwater and soils are more varied and complex. Large 
raised landforms including the Valparaiso Moraine, the Maxinkuckee Moraine, and the 
Packerton Moraine, indicate the glacial margins of these ice sheets in the northern portion of the 
state. Major rivers in northern Indiana cut through course grained outwash and transect these 
dominant topographical features, suggesting a drainage pattern that was established in an ice 
proximal and or subglacial environment. Later, outwash plains formed as the glacial melt waters 
flowed from retreating glaciers. This further altered the drainage of the landscape as dams 
between ice, morainal deposits and melt water pooled into lakes.  As a result, lake plains and 
kettle lakes formed as stagnant water settled out and deposited silt and clay.  

 
These processes and subsequent erosion shaped much of the Pretty Lake watershed. 
Sediments in these landforms contain remnants of bedrock from Michigan, Canada and local 
sources. The geology and resulting physiography of the Pretty Lake watershed are common in 
the Great Lakes and Upper Mississippi watershed. Pretty Lake Watershed lies in the 
Maxinkukee Moraine which is in the Plymouth Morainal complex (Gray, 2000) and situated in 
the Upper Mississippi Hydrologic Unit #07120001 (USGS, 1974).  
 
Subsurficial geology indicates that glacial drift covers the Pretty Lake watershed to a depth of 
300 to 400 feet (91.2 to 122 m; Wayne, 1966). The watershed’s surficial geology originates from 
silty clay loam and clay loam till materials. The bedrock underlying the watershed’s glacial 
deposits is Antrim shale (Gray, 1989). Shale was laid to a depth of 90 and 350 feet (27.4 to 
106.7 m). The underlying bedrock is a broad lowland which possesses moderate relief, the 
Dekalb Lowland. This lowland formed on Upper Devonian and Lower Mississippian shales 
(Wayne, 1966; Gutschick, 1966).  
 
2.4 Soils 
Pretty Lake watershed’s geological history described in the previous section and the 
subsequent vegetative cover determined the soil types, which are reflected in the major soil 
association. Major soil associations are determined at the county level.  Soil scientists review 
the soils, relief, and drainage patterns on the county landscape to identify distinct proportional 
groupings of soil units.  The review process typically results in the identification of eight to fifteen 
distinct patterns of soil units.  These patterns are the major soil associations in the county.  
Each soil association typically consists of two or three soil units that dominate the area covered 
by the soil association and several soil units that occupy only a small portion of the soil 
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association’s landscape.  Soil associations are named for their dominant components.  For 
example, the Riddles-Metea-Wawasee soil association consists primarily of Riddles sandy 
loam, Metea loamy fine sand, and Wawasee sandy loam. 
 
Smallwood (1980) maps one soil association in the Pretty Lake watershed: the Riddles-Metea-
Wawasee association. This soil association is characteristic of morainal areas in Marshall 
County, such as the Maxinkuckee Moraine.  Soils in this association developed from glacial till 
parent materials. In general, Riddles soils account for approximately 54% of the total soils in the 
association; Metea soils account for 22%, while Wawasee soils comprise 13% of the soil 
association. Much of the remaining portion of the soil association consists of hydric soil 
components which line drainageways and cover much of the watershed north of State Road 17. 
Riddles and Wawasee soils occupy moraine ridges, while Metea soils occur on low knolls and 
sides of moraines. Woodlands are the dominant native vegetation on the Riddles-Metea-
Wawasee association. The soils’ strong slopes may limit agricultural productivity. Steep slopes 
and moderately fine subsoil textures limit the usage of these soils for septic absorption fields. 
 
Soils in the watershed, and in particular their ability to erode or sustain certain land use 
practices, can impact the water quality of lakes and streams in the watershed. The dominance 
of Riddles and Wawasee soils across the Pretty Lake watershed suggests much of the 
watershed is prone to erosion; common erosion control methods should be implemented when 
the land is used for agriculture or during residential development to protect waterbodies in the 
Pretty Lake watershed.  Similarly, soils that are poorly suited to serve as septic system leach 
fields cover a large portion of the Pretty Lake watershed, including the heavily populated 
shorelines at Pretty Lake. The coupling of high density residential land use with soils that are 
poorly suited for treating septic tank effluent is of concern for water quality in the Pretty Lake 
watershed.  More detailed discussion of highly erodible soils and soils used to treat septic tank 
effluent in the Pretty Lake watershed follows below. 
 
2.4.1 Highly Erodible Soils 
Soils that erode from the landscape are transported to waterways where they degrade water 
quality, interfere with recreational uses, and impair aquatic habitat and health.  In addition, such 
soils can carry attached nutrients, which further impair water quality by increasing production of 
plant and algae growth.  Soil-associated chemicals, like some herbicides and pesticides, can kill 
aquatic life and degrade water quality. Highly erodible and potentially highly erodible are 
classifications used by the Natural Resources Conservation Service (NRCS) to describe the 
potential of certain soil units to erode from the landscape.  The NRCS examines common soil 
characteristics such as slope and soil texture when classifying soils.  The NRCS maintains a list 
of highly erodible soil units for each county.  Figure 5 displays and Table 3 lists the soil units in 
the Pretty Lake watershed that the NRCS considers to be highly erodible and potentially highly 
erodible.  
 
Highly erodible (HES) and potentially highly erodible soil (PHES) units in the form of Chelsea 
fine sand; Martinsville loam; Metea loamy fine sand; Oshtemo loamy sand; Plainfield sand; and 
Riddles, Oshtemo, and Wawasee sandy loams cover more than half of the Pretty Lake 
watershed.  Areas of the watershed that are mapped in these soil units and have gentle slopes 
are considered only slightly limited for agricultural production. As slope increases, the severity of 
the limitation increases. Some steeply sloped Oshtemo and Wawasee soils are considered 
unsuitable for agricultural production due to erosion hazard. The erosion hazard would also 
exist during residential development on these soils. 
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Figure 5. Highly erodible and potentially highly erodible soils within the Pretty Lake 
watershed, Marshall County, Indiana.  
 
Table 3.  Highly erodible and potentially highly erodible soil units in the Pretty Lake 
watershed.  

Soil Unit Status Soil Name Soil Description 
ChB PHES Chelsea fine sand 2 to 6 percent slopes 
MeB PHES Martinsville loam 2 to 6 percent slopes 
MgB PHES Metea loamy fine sand 2 to 6 percent slopes 
MgC HES Metea loamy fine sand 6 to 12 percent slopes 
OsB PHES Oshtemo loamy sand 2 to 6 percent slopes 
OsC HES Oshtemo loamy sand 6 to 12 percent slopes 
OsD HES Oshtemo loamy sand 12 to 18 percent slopes 
PsC HES Plainfield sand 3 to 10 percent slopes 
RsB PHES Riddles sandy loam 2 to 6 percent slopes 
RsC2 HES Riddles sandy loam 6 to 12 percent slopes 
WkC2 HES Wawasee sandy loam 6 to 12 percent slopes, eroded 

Note: PHES stands for potentially highly erodible soil and HES stands for highly erodible soil. 
 
Erodible soils located on the most steeply sloped areas (HES) cover approximately 70.4 acres 
(28.5 ha) or 13.1% of the Pretty Lake watershed (Figure 5), while erodible soils on steep-sloped 
soils (PHES) cover approximately 155 acres (62.7 ha) or 28.8% of the watershed. Much of 
Pretty Lake’s shoreline is also bordered by highly erodible soils (Figure 5).  
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2.4.2 Soils Used for Septic Tank Absorption Fields 
Nearly half of Indiana’s population lives in residences having private waste disposal systems.  
As is common in many areas of Indiana, septic tanks and septic tank absorption fields are 
utilized for wastewater treatment throughout the Pretty Lake watershed. The shoreline of Pretty 
Lake is one exception to this. Wastewater from all of the residences directly adjacent to Pretty 
Lake is treated by the wastewater treatment plant in Plymouth. Once treated, effluent is 
discharged to the Yellow River. Much of the wastewater from the remainder of the Pretty Lake 
watershed is still primarily treated by private waste disposal systems. Private waste disposal 
systems rely on the septic tank for primary treatment to remove solids and the soil for secondary 
treatment to reduce the remaining pollutants in the effluent to levels that protect surface and 
groundwater from contamination.  The soil’s ability to sequester and degrade pollutants in septic 
tank effluent will ultimately determine how well surface and groundwater is protected. 
 
A variety of factors can affect a soil’s ability to function as a septic absorption field.  Seven soil 
characteristics are currently used to determine soil suitability for on-site sewage disposal 
systems: position in the landscape, slope, soil texture, soil structure, soil consistency, depth to 
limiting layers, and depth to seasonal high water table (Thomas, 1996).  The ability of soil to 
treat effluent (waste discharge) depends on four factors: the amount of accessible soil particle 
surface area; the chemical properties of the soil particle’s surface; soil conditions like 
temperature, moisture, and oxygen content; and the types of pollutants present in the effluent 
(Cogger, 1989). 
 
The amount of accessible soil particle surface area depends both on particle size and porosity.  
Because they are smaller, clay particles have a greater surface area per unit volume than silt or 
sand; and therefore, a greater potential for chemical activity.  However, soil surfaces only play a 
role if wastewater can contact them.  Soils of high clay content or soils that have been 
compacted often have few pores that can be penetrated by water and are not suitable for septic 
systems because they are too impermeable.  Additionally, some clays swell and expand on 
contact with water closing the larger pores in the profile.  On the other hand, very coarse soils 
may not offer satisfactory effluent treatment either because the water can travel rapidly through 
the soil profile.  Soils located on sloped land also may have difficulty in treating wastewater due 
to reduced contact time. 
 
Chemical properties of the soil surfaces are also important for wastewater treatment. For 
example, clay materials have imperfections in their crystal structure which gives them a 
negative charge along their surfaces. Due to their negative charge, they can bond cations of 
positive charge to their surfaces.  However, many pollutants in wastewater are also negatively 
charged and are not attracted to the clays. Clays can help remove and inactivate bacteria, 
viruses, and some organic compounds. 
 
Environmental soil conditions influence the microorganism community which ultimately carries 
out the treatment of wastewater.  Factors like temperature, moisture, and oxygen availability 
influence microbial action.  Excess water or ponding saturates soil pores and slows oxygen 
transfer.  The soil may become anaerobic if oxygen is depleted.  Decomposition process (and 
therefore, effluent treatment) becomes less efficient, slower, and less complete if oxygen is not 
available. 
 
Many of the nutrients and pollutants of concern are removed safely if a septic system is sited 
correctly.  Most soils have a large capacity to hold phosphate.  On the other hand, nitrate (the 
end product of nitrogen metabolism in a properly functioning septic system) is very soluble in 
soil solution and is often leached to the groundwater.  Care must be taken in siting the system to 
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avoid well contamination.  Nearly all organic matter in wastewater is biodegradable as long as 
oxygen is present.  Pathogens can be both retained and inactivated within the soil as long as 
conditions are right.  Bacteria and viruses are much smaller than other pathogenic organisms 
associated with wastewater; and therefore, have a much greater potential for movement through 
the soil.  Clay minerals and other soil components may adsorb bacteria and viruses, but 
retention is not necessarily permanent.  During storm flows, bacteria and viruses may become 
resuspended in the soil solution and transported throughout the soil profile.  Inactivation and 
destruction of pathogens occurs more rapidly in soils containing oxygen because sewage 
organisms compete poorly with the natural soil microorganisms, which are obligate aerobes 
requiring oxygen for life.  Sewage organisms live longer under anaerobic conditions without 
oxygen and at lower soil temperatures because natural soil microbial activity is reduced. 
 
Taking into account the various factors described above, the NRCS ranks each soil series in the 
Pretty Lake watershed in terms of its limitations for use as a septic tank absorption field.  Each 
soil series is placed in one of three categories: slightly limited, moderately limited, or severely 
limited.  Use of septic absorption fields in moderately or severely limited soils generally requires 
special design, planning, and/or maintenance to overcome the limitations and ensure proper 
function.  Figure 6 displays the septic tank suitability of soils throughout the Pretty Lake 
watershed, while Table 4 lists the soils located within the watershed and their associated 
properties. Soils that are severely limited for use as septic systems cover 156.5 acres (63.3 ha 
or 29%) of the watershed. Severely limited soils cover much of Pretty Lake’s watershed and are 
also located along the southern shoreline of the lake. Soils that are moderately limited cover an 
additional 49% or 263 acres (106.4 ha) of the Pretty Lake watershed. These soils border the 
remaining lakeshore including the western, northern, and eastern shorelines. Soils that are 
rated as slightly limited for septic system usage (5%) or soils that are not rated at all (17%), 
including Pretty Lake, cover the remaining 22% of the watershed.  
 
Based on the above information, Pretty Lake residents made a good choice to complete the 
installation of the sewer system in 2006.  While the immediate affects on water quality may not 
be witnessed, the experience of other lakes in northern Indiana has shown that water quality of 
an adjacent lake does improve within five to ten years after the completion of a sewer system. 
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Figure 6. Soil septic tank suitability within the Pretty Lake, Marshall County, Indiana, 
watershed. Note: Residences directly adjacent to Pretty Lake’s shoreline are treated by a 
sewer system maintained by the regional sewer district.  
 
Table 4.  Soil types in the Pretty Lake watershed and the features restrictive to their 
suitability to serve as a septic tank absorption field. 

Soil Unit Soil Name Depth to High 
Water Table Restrictive Features 

AuA Aubbeenaubbee sandy loam 1 to 3 feet Wetness 
Bd Brady sandy loam 1 to 3 feet Severe: Wetness, poor filter 
Br Brookston loam +0.5 to 1.0 feet Severe: Ponding 
ChB, ChC Chelsea fine sand >6 feet Severe: Poor filter 
CtA Crosier loam 1 to 3 feet Severe: Percs slowly, wetness 
Hp Houghton muck +2.0 to 0.5 feet Severe: Ponding, percs slowly 
MeA, MeB Martinsville loam >6 feet Slight 
MgB Metea loamy fine sand >6 feet Moderate: percs slowly 
MgC Metea loamy fine sand >6 feet Moderate: percs slowly, slope 
OsA, OsB Oshtemo loamy sand >6 feet Slight 
OsC, OsD Oshtemo loamy sand >6 feet Moderate: slope 
OwA Owosso sandy loam >6 feet Severe: slope 
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Soil Unit Soil Name Depth to High 
Water Table Restrictive Features 

PsA, PsC Plainfield sand >6 feet Severe: poor filter 
Re Rensselaer loam +0.5 to 1.0 feet Severe: ponding, percs slowly 
RsA, RsB Riddles sandy loam >6 feet Moderate: percs slowly 
RsC2 Riddles sandy loam >6 feet Moderate: percs slowly, slope 
Wh Washtenaw silt loam +0.5 to 1.0 feet Severe: ponding, percs slowly 
WkC2 Wawasee sandy loam >6 feet Moderate: slope 

 
2.5 Natural History 
Geographic location, climate, topography, geology, soils, and other factors play a role in 
shaping the native floral (plant) and faunal (animal) communities in a particular area. Various 
ecologists (Deam, 1921; Petty and Jackson, 1966; Homoya et al., 1985; Omernik and Gallant, 
1988) have divided Indiana into several natural regions or ecoregions, each with similar 
geographic history, climate, topography, and soils. Because the groupings are based on factors 
that ultimately influence the type of vegetation present in an area, these natural areas or 
ecoregions tend to support characteristic native floral and faunal communities. Under many of 
these classification systems, the Pretty Lake watershed lies at or near the transition between 
two or more regions. For example, the watershed lies at the western boundary separating 
Homoya’s Northern Lakes Natural Area to the east from the Grand Prairie Natural Area to the 
west. Similarly, the Pretty Lake watershed lies in Omernik and Gallant’s Eastern Corn Belt 
Plains Ecoregion (ECBP) immediately south of the point where the ECBP Ecoregion meets the 
Central Corn Belt Plains and Southern Michigan/Northern Indiana Till Plains Ecoregions. As a 
result, the native floral community of the Pretty Lake watershed likely consisted of components 
of neighboring natural areas and ecoregions in addition to components characteristic of the 
natural area and ecoregion in which it is mapped. 
 
Homoya et. al (1985) noted that prior to European settlement, the region was a mixture of 
numerous natural community types including bog, fen, marsh, prairie, sedge meadow, swamp, 
seep spring, lake and deciduous forest.  The dry to dry-mesic uplands were likely forested with 
red oak, white oak, black oak, shagbark hickory, and pignut hickory. More mesic areas probably 
harbored beech, sugar maple, black maple, and tulip poplar with sycamore, American elm, red 
elm, green ash, silver maple, red maple, cottonwood, hackberry, and honey locust dominating 
the floodplain forests. Historical records support the observation that prior to European 
settlement of West Township dense oak-hickory forests covered the Pretty Lake watershed 
(Historic Landmarks Foundation, 1990). Chamberlain (1849) described the area as being 
heavily timbered with oak openings or barrens covered by wet or dry prairies and lakes. White 
oak was the dominant component of the heavily timbered areas with shagbark hickory, maple, 
beech, elm, walnut, butternut, red oak, black oak, and bur oak as subdominants (McDonald, 
1908; Petty and Jackson, 1966; Omernik and Gallant, 1988). Petty and Jackson (1966) list 
pussy toes, common cinquefoil, wild licorice, tick clover, blue phlox, waterleaf, bloodroot, Joe-
pye-weed, woodland asters, woodland goldenrods, wild geranium, and bellwort as common 
components of the forest understory in the watershed’s region.  
 
Wet habitat (ponds, marshes, and swamps) intermingled with the upland habitat throughout the 
northern portion of Pretty Lake’s watershed. The hydric soils map and an 1876 map of Marshall 
County (Baskins, Forster, and Company, 1876) indicate that wetland habitat existed throughout 
much of the area north of Pretty Lake. These wet habitats supported very different vegetative 
communities than the drier portions of the landscape. Swamp loosestrife, cattails, soft stem 
bulrush, marsh fern, marsh cinquefoil, pickerel weed, arrow arum, and sedges dominated the 
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marsh habitat throughout the watershed. Swamp habitat likely covered most or all of the shallow 
depressions in the watershed. Typical dominant swamp species in the area included red and 
silver maple, green and black ash, and American elm (Homoya, 1985). Smallwood (1980) adds 
swamp white oak to the list of dominants in swamp habitat throughout the county. 
 
2.6 Land Use 
Just as soils, climate, and geology shape the native communities within the watershed, how the 
land in a watershed is used can impact the water quality of a waterbody.  Different land uses 
have the potential to contribute different amounts of nutrients, sediment, and toxins to receiving 
water bodies. For example, Reckhow and Simpson (1980) compiled phosphorus export 
coefficients (amount of phosphorus lost per unit of land area) for various land uses by 
examining the rate at which phosphorus loss occurred on various types of land. (The 
Phosphorus Modeling Section of the report contains more detailed information on this work and 
its impact on Pretty Lake and its watershed.) Several researchers have also examined the 
impact of specific urban and suburban land uses on water quality (Bannerman et. al, 1993; 
Steuer et al., 1997; Waschbusch et al., 2000). Bannerman et al. (1993) and Steuer et al. (1997) 
found high mean phosphorus concentrations in runoff from residential lawns (2.33 to 2.67 mg/L) 
and residential streets (0.14 to 1.31 mg/L). These concentrations are well above the threshold at 
which lakes might begin to experience algae blooms. (Lakes with total phosphorus 
concentrations greater than 0.03 mg/L will likely experience algae blooms.) Finally, the Center 
for Watershed Protection has estimated the association of increased levels of impervious 
surface in a watershed with increased delivery of phosphorus to receiving waterbodies (Caraco 
and Brown, 2001). Land use directly affects the amount of impervious surface in a watershed. 
Because of the effect watershed land use has on water quality of the receiving lakes, mapping 
and understanding a watershed’s land use is critical in directing water quality improvement 
efforts. 
 
2.6.1 Pretty Lake Watershed Land Use 
Figure 7 and Table 5 present current land use information for the Pretty Lake watershed. Like 
many Indiana watersheds, cultivated cropland dominates the Pretty Lake watershed, accounting 
for approximately 43% of the watershed. Most of the agricultural land in the Pretty Lake 
watershed and throughout Marshall County (USDA, 2002) is used for growing corn and 
soybeans. County-wide tillage transect data for Marshall County provides an estimate for the 
portion of cropland in conservation tillage for the Pretty Lake watershed. In Marshall County, 
corn producers utilize no-till methods on 11% of corn fields and some form of reduced tillage on 
66% of corn fields (IDNR, 2004b). The percentage of corn fields on which no-till methods were 
used in Marshall County was below the statewide median percentage. Marshall County soybean 
producers used no-till methods on 36% of soybean fields and some form of reduced tillage on 
59% of soybean fields in production (IDNR, 2004a).  
 
Land uses other than agriculture account for the remaining 58% of the watershed. Natural 
landscapes, including forests and wetland, cover approximately 12.5% of the watershed. Most 
of the natural acreage in the watershed is associated with the forested uplands and forested 
and emergent wetland areas north of Pretty Lake. Additional smaller tracts are located adjacent 
to the lake’s eastern and western shorelines. These natural areas consist of small tracts of 
wooded or emergent wetlands or deciduous forest, and are scattered along the shoreline. Open 
water, including Pretty Lake accounts for another 18.4% of the watershed. Most of the 
remaining 26.4% of the watershed is occupied by recreational or parkland, including the golf 
course and country club, or low intensity residential land.  Much of the residential land lies 
directly adjacent to Pretty Lake.  
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Figure 7. Land use in the Pretty Lake watershed, Marshall County, Indiana. 
 
Table 5. Detailed land use in the Pretty Lake watershed, Marshall County, Indiana. 

Land Use Area (acres) Area (hectares) % of Watershed 
Cultivated crops 230.1 93.2 42.7% 
Developed open space 118.9 48.2 22.1% 
Open water 99.4 40.2 18.4% 
Deciduous forest 56.2 22.7 10.4% 
Developed low intensity 23.2 9.4 4.3% 
Grassland/herbaceous 7.4 3.0 1.4% 
Emergent herbaceous wetland 4.0 1.6 0.7% 
Evergreen forest 0.1 0.1 <0.1% 
Entire Watershed 539.4 218.4 100.0% 

 
Impervious surface coverage was calculated by using adapted impervious values for selected 
land used in Lee and Toonkel (2003), but does not include road surfaces. Impervious surfaces 
cover approximately 0.02% of the watershed. This estimate of impervious surface coverage is 
below the threshold at which the Center for Watershed Protection has found an associated 
decline in water quality.  The land uses contributing to the impervious surface coverage in the 
Pretty Lake watershed are agricultural, residential, and developed parkland structures and 
parking areas. 
 
 
 



Pretty Lake Diagnostic Study DRAFT-Subject to Revisions  January 2009 
Marshall County, Indiana   

JFNew File 070893.00  Page 16 
 

2.7 Wetlands 
Because wetlands perform a variety of functions in a healthy ecosystem, they deserve special 
attention when examining watersheds.  Functioning wetlands filter sediments and nutrients in 
runoff, store water for future release, provide an opportunity for groundwater recharge, and 
serve as nesting habitat for waterfowl and spawning sites for fish.  By performing these roles, 
healthy, functioning wetlands often improve the water quality and biological health of streams 
and lakes located downstream of the wetlands.   
 
The United States Fish and Wildlife Service’s (USFWS) National Wetland Inventory (NWI) Map 
shows that wetlands cover a 22.1% of the watershed (Figure 8).  This is somewhat deceiving as 
the Lacustrine area (Pretty Lake) makes up 17.8% of the total “wetlands” labeled.  Forested and 
herbaceous wetlands cover approximately 3.8% of the watershed.  The largest contiguous 
tracts of wetland habitat lie north of State Road 17 in the northern portion of Pretty Lake’s 
watershed. Ponds account for the remaining wetland acreage (0.5%).  
 

 
Figure 8. National wetland inventory (USFWS) in the Pretty Lake watershed, Marshall 
County, Indiana. 
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Table 6.  Acreage and classification of wetland habitat in the Pretty Lake watershed. 
Wetland Type  Area (acres) Area (hectares) Percent of Watershed 
Lacustrine 95.7 38.7 17.8% 
Palustrine emergent 12.4 5.0 2.3% 
Palustrine forested 8.2 3.3 1.5% 
Ponds 2.7 1.1 0.5% 
Total 119.0 48.1 22.1% 
Source: National Wetlands Inventory. 
 
The USFWS NWI data differ in their estimate of wetland habitat acreage in the watershed from 
the USGS data presented in Figure 9.   The primary difference between the NWI and the Land 
Cover Data sets is the acreage of emergent wetland.  The USFWS reports over 12 acres of 
emergent wetland habitat exists in the Pretty Lake watershed compared to 4 acres of emergent 
wetland habitat reported by the USGS. The difference in reported wetland acreage is due to the 
differences in project goals and methodology used by the different agencies to collect land use 
data. The land use data does not distinguish weather a forested area is wet or dry, nor does it 
distinguish whether a grassland is upland or wetland. 
 

 
Figure 9: Land cover data from USGS in the Pretty Lake watershed, Marshall County, 
Indiana.  
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The U.S. Fish and Wildlife Service estimates an average of 2.6% of the nation’s wetlands were 
lost annually from 1986 to 1997 (Zinn and Copeland, 2005). The IDNR estimates that 
approximately 85% of the state’s wetlands have been filled (IDNR, 1996).  The greatest loss has 
occurred in the northern counties of the state such as Marshall County.  The last glacial retreat 
in these northern counties left level landscapes dotted with wetland and lake complexes.  
Development of the land in these counties for agricultural purposes altered much of the natural 
hydrology, eliminating many of the wetlands.   
 
Development within the Pretty Lake watershed has undoubtedly reduced wetland acreage in the 
watershed as well.  Hydric soil, which formed under wetland conditions, cover large areas of the 
watershed north of State Road 17 (Figure 10). Areas mapped in the wettest of hydric soils, such 
as Houghton muck, have largely remained undeveloped. Overall, hydric soils cover 
approximately 78.6 acres (31.8 ha or 17%) of the Pretty Lake watershed. When compared to 
the acreage of wetland mapped by the USFWS NWI map (20 acres or 8.1 ha), more than 73.8% 
of wetlands have been lost in the Pretty Lake watershed. 
 

 
Figure 10. Hydric soils in the Pretty Lake watershed, Marshall County, Indiana. 
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2.8 Natural Communities and Endangered, Threatened, and Rare Species 
The Indiana Natural Heritage Data Center database provides information on the presence of 
endangered, threatened, or rare species (ETR); high quality natural communities; and natural 
areas in Indiana.  The IDNR developed the database to assist in documenting the presence of 
special species and significant natural areas and to serve as a tool for setting management 
priorities in areas where special species or habitats exist.  The database relies on observations 
from individuals rather than systematic field surveys by the IDNR.  Because of this, it does not 
document every occurrence of special species or habitat.  At the same time, the listing of a 
species or natural area does not guarantee that the listed species is present or that the listed 
area is in pristine condition.  To assist users, the database includes the date that the species or 
special habitat was last observed in a specific location.  The following definitions clarify the 
labeling associated with this documentation.  
 

 Endangered: Any species whose prospects for survival or recruitment with the state are 
in immediate jeopardy and are in danger of disappearing from the state.  This includes 
all species classified as endangered by the federal government which occur in Indiana.  
Plants known to occur currently on five or fewer sites in the state are considered 
endangered. 

 Threatened: Any species likely to become endangered within the foreseeable future.  
This includes all species classified as threatened by the federal government which occur 
in Indiana.  Plants known to occur currently on six to ten sites in the state are considered 
threatened. 

 Rare: Plants and insects known to occur currently on from eleven to twenty sites. 
 
The results from the database search for the Pretty Lake watershed include a listing of the ETR 
species documented in Marshall County (Appendix A). The Indiana Natural Heritage Data 
Center database does not contain any records for the area encompassed by the Pretty Lake 
watershed. However, Marshall County supports a variety of endangered, threatened, and rare 
animals and plants as detailed by the Indiana Natural Heritage database listing for Marshall 
County, which was last updated in 2005. The listed animals include seven freshwater mussels 
(slippershell mussel, wavy-rayed lampmussel, black sandshell, round hickorynut, clubshell, 
kidneyshell, and purple lilliput), six reptiles (spotted turtle, Blanding’s turtle, ornate box turtle, 
Butler’s garter snake, Kirtland’s snake, and eastern massasauga), and three fish (Ohio lamprey, 
cisco, and greater redhorse). More than ten birds and two mammals (Franklin’s ground squirrel 
and American badger) have been documented in Marshall County. Fourteen plant species, 
many of which are hydrophytic (wetland or aquatic species), are also included in the database 
for Marshall County. The county also supports five high quality communities including mesic 
prairie, marl beach, acid bog, fen, and muck flats.   
 
 
3.0 PRETTY LAKE DESCRIPTION AND HISTORICAL INFORMATION  
 
3.1 Morphology 
Figure 11 presents Pretty Lake’s morphology.  The lake is roughly triangular in shape and 
consists of relatively uniform gradients from the shoreline to a depth of 30 feet (9.1 m).  Two 
deeper basins are separated by a sunken island in the center of the lake. The lake’s deepest 
basin (40 feet or 12.2 m) lies slightly southeast of the center of the 97-acre (39.2-ha) lake. The 
other deep basin, which reaches 35 feet (10.7 m) in depth, lies in the southwestern portion of 
the lake. The sunken island in the center of the lake rises to within 5 feet (1.5 m) of the surface 
and is surrounded by water depths of 30 feet (9.1m). 
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Pretty Lake has a limited expanse of shallow water.  According to its depth-area curve (Figure 
12), nearly 22 acres (8.9 ha) of the lake is covered by water less than 5 feet (1.5 m) deep, while 
nearly 38 acres (15.4 ha) is covered by water less than 20 feet (6.1 m) deep.  The shoal or 
drop-off between the shallow water and the deep water covers 16 acres (6.5 ha) of the lake. 
This translates into a very low shallowness ratio of 0.22 (ratio of area less than 5 feet deep to 
total lake area) and a moderately high shoalness ratio of 0.39 (ratio of area less than 20 feet 
deep to total lake area) (Table 7), as defined by Wagner (1990).  A large portion of the lake’s 
acreage (approximately 60 acres or 18.3 ha) has water deeper than 20 feet (6.1 m). 
 
Pretty Lake holds approximately 2,103 acre-feet (2,594,012 m3) of water. As illustrated in the 
depth-volume curve (Figure 13), most of the lake’s volume is contained in the shallower areas of 
the lake.  More than 70% of the lake’s volume is contained in water that is less than 30 feet (9.1 
m) deep.  The lake’s volume gradually increases with depth to a water depth of about 30 feet 
(9.1 m) before the rate of change increases. Below 30 feet (9.1 m), the steep curve indicates a 
greater change in depth per unit volume. This rate continues to the lakes maximum depth. The 
importance of this rate of increase will be discussed with regard to light penetration and the 
planktonic community in the Discussion section. 
 
 

 
Figure 11. Pretty Lake bathymetric map. Source: Uncle Larry’s Lake Maps (2000).  
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Table 7. Morphological characteristics of Pretty Lake.  
Characteristic Value  
   Surface Area 97 acres (39.2 ha) 
   Volume 2,103 acre-feet (2,594,012 m3)
   Maximum Depth 40 feet (12.2 m) 
   Mean Depth 21.7 feet (6.6 m) 
   Shallowness Ratio 0.22 
   Shoalness Ratio 0.39 
   Shoreline Length 8,720 feet (2,657.8 m) 
   Shoreline Development Ratio 1.2 
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Figure 12. Depth-area curve for Pretty Lake, Marshall County, Indiana. 
 
 
 



Pretty Lake Diagnostic Study DRAFT-Subject to Revisions  January 2009 
Marshall County, Indiana   

JFNew File 070893.00  Page 22 
 

Depth-Volume Curve - Pretty Lake

0

5

10

15

20

25

30

35

40
0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200

Volume (acre-feet)

D
ep

th
 (f

t)

Figure 13. Depth-volume curve for Pretty Lake, Marshall County, Indiana. 
 
A lake’s morphology can play a role in shaping the lake’s biotic communities. For example, 
Pretty Lake’s moderately sized shallow area and wide, shallow shelf around much of the 
perimeter of the lake coupled with its better than average clarity suggests the lake is capable of 
supporting a quality rooted plant community.  Based on the lake’s average clarity (16.5 feet or 
5.0 m), Pretty Lake’s littoral zone (or the zone capable of supporting aquatic rooted plants and 
calculated by multiplying the transparency by a factor of three) could extend from the shoreline 
to a point past the maximum depth of the lake.  The lake’s 1% light level (or the depth at which 
only 1% of available surface light penetrates) may be a more realistic measure of the potential 
area for aquatic plants than the above method. Using the 1% light level, Pretty Lake’s littoral 
zone reaches a depth of 16 to 24 feet (4.8 to 7.3 m) and covers 33 to 43 acres (13.4 to 17.4 ha) 
or 34 to 44% of the lakes surface area. This size littoral zone can impact other biotic 
communities in the lake such as fish that use the plant community for forage, spawning, cover, 
and resting habitat. As depicted in a summertime aerial photograph (Figure 14), only a very 
limited portion of the available lake surface area has aquatic plant growth.  
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Figure 14. Aerial photograph of Pretty Lake, Marshall County, Indiana, circa spring 2005. 
 
A lake’s morphology can also influence water quality by shaping the human communities 
around the lake.  The shoreline development ratio is a measure of the development potential of 
a lake. It is calculated by dividing a lake’s shoreline length by the circumference of a circle that 
has the same area as the lake. A perfectly circular lake with the same area as Pretty Lake (97 
acres or 39.2 ha) would have a circumference of 7,286 feet (2,220 m). Dividing Pretty Lake’s 
shoreline length (8,720 feet or 2,657 m) by 7,286 feet yields a ratio of 1.2:1. This ratio is 
relatively low.  Although Pretty Lake is relatively triangular in shape, it lacks extensive shoreline 
channeling observed on other popular Indiana lakes. Additionally, the lake contains only one 
isolated area on the lake’s western shoreline.  Given the immense popularity of lakes in 
northern Indiana, lakes with high shoreline development ratios are often highly developed.  
Increased development around lakes often leads to decreased water quality. Since the 
Shoreline development ratio is low for Pretty Lake, the potential negative impacts on water 
quality from lakeshore development are limited. This fact, along with the low watershed to lake 
area ratio, may best explain why Pretty Lake’s water quality is better then the majority of Indiana 
Lakes. 
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3.2 Shoreline Development and Erosion Issues 
Development around Pretty Lake began early and by 1908, approximately 40 cottages were 
located around Pretty Lake (Wenino, 1997, Appendix B).  A map drawn in 1927 showed 63 
owners most of which were on the north and east side of the lake.  By 1997, 96 cottages or 
owners were located along the north, east, and southern shorelines. Virtually all of the 
potentially developable shoreline has been developed for residential use at this time, with the 
exception of the frontage owned by the Plymouth Country Club on the west end of the lake 
(Figure 14).  
 

 
Figure 15. Natural shoreline present along Pretty Lake’s western shoreline. 
 
Natural shoreline remains along approximately 40% of Pretty Lake’s shoreline (3,460 feet or 
1,055 m) where bands of aquatic and terrestrial vegetation are present (Figure 15). In these 
areas, the submerged, floating, emergent, and shoreline canopy layers all remain intact. The 
importance of a natural shoreline is discussed further in the aquatic macrophyte section of this 
report.  The natural shoreline becomes especially important in and adjacent to shallow portions 
of Pretty Lake. 
 

 
Figure 16. Moderate shoreline modifications observed at Pretty Lake.  
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Property owners typically modify their shorelines to reduce erosion or provide better lake access 
(Figure 16). Typical modifications in Pretty Lake include the removal of hebaceous vegetation 
from the waters edge and within the shallow water zone as well as protecting the immediate 
shoreline with rock or adding sand and gravel beaches. When the aquatic vegetation is 
removed the shoreline is less buffered from wave action and usually begins to erode.  Placing 
rocks along the shoreline usually protects the shoreline in most areas and still allows for biotic 
interaction between the terrestrial and aquatic environment.  The spaces in the rocks allow 
invertebrates to flourish, which serve as a food source for young fish. The spaces themselves 
also serve as refugia for the young fish when the rocks are under water. Approximately 32 
percent (2780 feet or 847 m) of the Pretty Lake shoreline has been modified in some manner 
and approximately 10 percent of this modified shoreline remains to be protected from existing 
erosion issues (Figures 16).   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 17. Severely modified shorelines along Pretty Lake’s shoreline.  
 
In areas where concrete seawalls are present (Figure 17), waves from wind and boats strike the 
flat surface and reflect back into the lake. This creates an almost continuous turbulence in the 
shallow areas of the lake when boats are active or the wind is strong. When the waves reflect 
back into the lake and meet incoming waves, the wave height increases resulting in additional 
in-lake turbulence. This turbulence resuspends bottom sediments thereby increasing the 
transfer of nutrients from the sediment-water interface to the water column. Continuous 
disturbance in shallow areas can also encourage the growth of disturbance-oriented plants. 
Alternatively, shorelines vegetated with emergent or rooted floating vegetation will absorb more 
of the wave energy created by wind or boats. In these locations, wave energy will dissipate 
along the shoreline each time a wave reaches shallow water. 
 
Approximately 22 percent (2,480 feet or 756 m) of Pretty Lake’s shoreline has been severely 
modified to eliminate the natural transition from land to water.  This percentage is lower than 
other Indiana Lakes; however, continuing this trend will result in decreased water clarity and 
quality.  
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3.3 Macrophyte Inventory 
3.3.1 Methods and Results 
Aquatic Control (2007) conducted Tier I and Tier II inventories (IDNR protocol) of the aquatic 
vegetation during 2006 for the development of a five year Aquatic Vegetation Management 
Plan.    Nineteen species were documented in the lake and were found within the entire littoral 
zone to a maximum depth of 23 feet (Aquatic Control, 2007).   Eurasian watermilfoil was found 
at 87 percent of the sites sampled in the Tier II survey during August of 2006.  Due to the 
extensive establishment of milfoil, Aquatic Control recommended a whole lake fluridone 
treatment during 2007 to eradicate this invasive and non-native plant. Curly-leaf pondweed and 
purple loosestrife were also documented and recommended for removal.  The Fluridone 
treatment was not funded in 2007 as recommended.  Aquatic Control did treat small areas of 
the lake with contact herbicides in order to relieve nuisance conditions for the short-term, which 
was funded by individual homeowners (Nathan Long, Personal communication).  According to 
Mr. Long, there were no official surveys, with the exception of the treatment report completed for 
permit requirements. 
   
During the late summer of 2008, JFNew found that between 40 and 50 percent of the shoreline 
had purple loosestrife present or was dominated by this invasive species.  In 2008, Aquatic 
Control completed invasive species sampling in the early spring prior to fluridone treatment.  A 
Tier II survey was completed in late summer.  The spring survey documented 5.3 acres of 
Eurasian watermilfoil and curly-leaf pondweed was documented as occurring in 3.3 acres 
(Aquatic Control, unpublished data).   Following the fluridone treatment in summer of 2008, the 
Tier II survey conducted in late August documented seven species (all natives) of which the 
most dominant was eel grass (Aquatic Control, unpublished data). Aquatic Control also 
documented the presence of the ETR species, Richardson’s pondweed in Pretty Lake for the 
first time (Aquatic Control, unpublished data).  According to Aquatic Control, the fluridone 
treatment worked well to eliminate Eurasian watermilfoil but may have adversely affected five 
species of native plants including bur marigold (a state listed ETR species).  A 2009 monitoring 
survey is recommended before any action is taken in regards to restoring native vegetation or 
treating additional invasive species as these species may recover on their own.   
 
 
 3.3.2 Discussion 
There are many reasons to conduct an aquatic rooted plant survey as part of a complete 
assessment of a lake and its watershed.  Like other biota in a lake ecosystem (e.g. fish, 
microscopic plants and animals, etc.), the composition and structure of the lake’s rooted plant 
community often provide insight into the long term water quality of a lake.  While sampling the 
lake water’s chemistry (dissolved oxygen, nutrient concentrations, etc.) is important, water 
chemistry sampling offers a single snapshot of the lake’s condition.  Because rooted plants live 
for many years in a lake, the composition and structure of this community reflects the water 
quality of the lake over a longer term.  For example, if one samples the water chemistry of a 
typically clear lake immediately following a major storm event, the results may suggest that the 
lake suffers from poor clarity.  However, if one examines the same lake and finds that rooted 
plant species such as northern watermilfoil, white stem pondweed, and large-leaf pondweed, all 
of which prefer clear water, dominate the plant community, one is more likely to conclude that 
the lake is typically clear and its current state of turbidity is due to the storm rather than being its 
inherent nature. 
 
The composition and structure of a lake’s rooted plant community also help determine the lake’s 
fish community composition and structure.  Submerged aquatic vegetation provides cover from 
predators and is a source of forage for many different species of fish (Valley et al., 2004).  
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However, extensive and dense stands of exotic aquatic vegetation can have a negative impact 
on the fish community.  For example, a lake’s bluegill population can become stunted because 
dense vegetation reduces their foraging ability, resulting in slower growth.  Additionally, dense 
stands reduce predation by largemouth bass and other piscivorous fish on bluegill which results 
in increased intraspecific competition among both prey and predator species (Olsen et al., 
1998).  Vegetation removal can have variable results on improving fish growth rates (Cross et 
al., 1992, Olsen et al., 1998).  Conversely, lakes with depauperate plant communities may have 
difficulty supporting some top predators that require emergent vegetation for spawning.  In these 
and other ways, the lake’s rooted plant community illuminates possible reasons for a lake’s fish 
community composition and structure. 
 
A lake’s rooted plant community impacts the recreational uses of the lake.  Swimmers and 
power boaters desire lakes that are relatively plant-free, at least in certain portions of the lake.  
In contrast, anglers prefer lakes with adequate rooted plant coverage, since those lakes offer 
the best fishing opportunity.  Before lake users can develop a realistic management plan for a 
lake, they must understand the existing rooted plant community and how to manage that 
community.  This understanding is necessary to achieve the recreational goals lake users may 
have for a given lake. 
 
For the reasons outlined above, as well as several others, JFNew conducted a general 
macrophyte (rooted plant) survey on Pretty Lake as part of the overall lake and watershed 
diagnostic study.  Before detailing the results of the macrophyte survey, it may be useful to 
outline the conditions under which lakes may support macrophyte growth.  Additionally, an 
understanding of the roles that macrophytes play in a healthy, functioning lake ecosystem is 
necessary for lake users to manage the lake’s macrophyte community.  The following 
paragraphs provide some of this information. 
 
Conditions for Growth 
Like terrestrial vegetation, aquatic vegetation has several habitat requirements that need to be 
satisfied in order for the plants to grow or thrive.  Aquatic plants depend on sunlight as an 
energy source.  The amount of sunlight available to plants decreases with depth of water as 
algae, sediment, and other suspended particles block light penetration. Consequently, most 
aquatic plants are limited to maximum water depths of approximately 10-15 feet (3-4.5 m), but 
some species, such as Eurasian watermilfoil, have a greater tolerance for lower light levels and 
can grow in water deeper than 32 feet (10 m) (Aiken et al., 1979).  Hydrostatic pressure rather 
than light often limits plant growth at deeper water depth (15-20 feet or 4.5-6 m).  
 
Water clarity affects the ability of sunlight to reach plants, even those rooted in shallow water. 
Lakes with clearer water have an increased potential for plant growth.  Pretty Lake possesses 
better water clarity than the average Indiana lake.  The Secchi disk depth measured during the 
July 21, 2008 sampling was 8.9 feet (2.7 m).  This measurement was significantly poorer than 
previous measurements (12.2 feet or 3.7 m) taken during Clean Lakes Program sampling in 
1989, 1995, 1999, and 2004.  As a general rule of thumb, rooted plant growth is restricted to the 
portion of the lake where water depth is less than or equal to 2 to 3 times the lake’s Secchi disk 
depth.  This holds mostly true in Pretty Lake, where rooted plants were observed in water to a 
depth of approximately 23 feet (7 m), which is more than two times the lake’s average Secchi 
disk depth.   
 
Aquatic plants also require a steady source of nutrients for survival. Many aquatic macrophytes 
differ from microscopic algae (which are also plants) in their uptake of nutrients. Aquatic 
macrophytes receive most of their nutrients from the sediments via their root systems rather 
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than directly utilizing nutrients in the surrounding water column.  Some competition with algae 
for nutrients in the water column does occur.  The amount of nutrients taken from the water 
column varies for each macrophyte species.  Because macrophytes obtain most of their 
nutrients from the sediments, lakes which receive high watershed inputs of nutrients to the 
water column will not necessarily have aquatic macrophyte problems. 
 
A lake’s substrate and the forces acting on the substrate also affect a lake’s ability to support 
aquatic vegetation.  Lakes that have organic, nutrient-rich (mucky) substrates have an 
increased potential for plant growth compared to lakes with gravel or rocky substrates.  Sandy 
substrates that contain sufficient organic material typically support healthy aquatic plant 
communities.  Lakes that have significant wave action that disturb the bottom sediments have 
decreased ability to support plants.  Disturbance of bottom sediment may decrease water 
clarity, limiting light penetration, or may affect the availability of nutrients for the macrophytes.  
Wave action may also create significant shear forces prohibiting plant growth altogether.   
 
Boating activity may affect macrophyte growth in conflicting ways.  Rooted plant growth may be 
limited if boating activity regularly disturbs bottom sediments.  Alternatively, boating activity in 
rooted plant stands of species that can reproduce vegetatively, such as Eurasian watermilfoil or 
coontail, may increase macrophyte density rather than decrease it.  Herbicide treatment can 
also affect the presence and distribution of aquatic macrophytes within a lake. As species or 
areas are selectively treated, the density and diversity of plant present within those locations 
can, and typically do change. For example, continuing to treat a specific plant bed which 
contains Eurasian watermilfoil can result in the disappearance of Eurasian watermilfoil and the 
resurgence of a variety of native species. It should be noted, however, that non-native plants 
can regrow in these locations just as easily as native plants. 
 
Ecosystem Roles 
Aquatic plants are a beneficial and necessary part of healthy lakes.  Plants stabilize shorelines 
holding bank soil with their roots.  The vegetation also serves to dissipate wave energy, further 
protecting shorelines from erosion.  Plants play a role in a lake’s nutrient cycle by up-taking 
nutrients from the sediments.  Like their terrestrial counterparts, aquatic macrophytes produce 
oxygen which is utilized by the lake’s fauna.  Many aquatic plants also produce flowers and 
unique leaf patterns that are aesthetically attractive. 
 
Emergent and submerged plants provide important habitat for fish, insects, reptiles, amphibians, 
waterfowl, shorebirds, and small mammals. Fish utilize aquatic vegetation for cover from 
predators and for spawning and rearing grounds.  Different species depend upon different 
percent coverages of these plants for successful spawning, rearing, and protection for 
predators.  For example, bluegill require an area to be approximately 15-30% covered with 
aquatic plants for successful survival, while northern pike achieve success in areas where 
rooted plants cover 80% or more of the area (Borman et al., 1997).   
 
Aquatic vegetation also serves as substrate for aquatic insects, the primary diet of insectivorous 
fish.  Waterfowl and shorebirds depend on aquatic vegetation for nesting and brooding areas.  
Aquatic plants such as pondweed, coontail, duckweed, watermilfoil, and arrowhead, also 
provide a food source to waterfowl. Duckweed in particular has been noted for its high protein 
content and consequently has served as feed for livestock.  Turtles and snakes utilize emergent 
vegetation as basking sites.  Amphibians rely on the emergent vegetation zones as primary 
habitat.   
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3.4 Fisheries 
A general fisheries survey was conducted on Pretty Lake in 1968 by the Indiana Department of 
Natural Resources (IDNR).  The results of that survey are presented in Table 8. No subsequent 
surveys have been competed since. A simple analysis of the 1968 study follows. 
 
Table 8: Results of fish sampling conducted by IDNR 1968 (Robertson, 1969) 

Common Name Scientific Name # %  
Bluegill Lepomis macrochirus 727 45.0% 
Black Crappie Pomoxis nigromaculatus 5 0.3% 
Brook Silverside Labidesthes sicculus Abundant   
Brown Bullhead Ameiurus nebulosus 57 3.5% 
Grass Pickeral Esox americanus vermiculatus 27 1.7% 
Lake Chubsucker Erimyzon sucetta 56 3.5% 
Largemouth Bass Micropterus salmoides 54 3.3.% 
Longear Sunfish Lepomis megalotus 40 2.5% 
Pumpkinseed Lepomis gibbosus 18 1.1% 
Redear Sunfish Lepomis microlophus 241 14.9% 
Walleye Sander vitreum 2 0.1% 
Warmouth Lepomis gulosus 179 11.1% 
Yellow Bullhead Ameiurus natalis 204 12.6% 
Yellow Perch Perca flavescens 5 0.3% 
Total # Collected   1615   
Number Species   14   

 
 
The 1968 survey of Pretty Lake collected 15 species of fish (Robertson, 1969). Bluegill were the 
most abundant fish species collected by number (45%), followed by redear sunfish (15%), 
yellow bullhead (13%), and warmouth sunfish (11%). Sunfish species accounted for 75% the 
fish sampled by number. Bluegill exhibited below average growth and above average condition 
(length to weight relationship) in individuals up to 6.5 inches (16.5 cm) and below average 
condition in individuals over 6.5 inches (16.5 cm).  
 
Proportional stock density (PSD) is an easily calculated statistic used by fisheries biologists to 
investigate balance within a species population. The PSD is generally applicable to water 
bodies less than 500 acres (Anderson 1976). PSD relates the number of individuals in a 
population stock size or larger to the number of those individuals that are of quality size or 
larger. Stock size is generally defined as the minimum size a species becomes available to 
anglers, while quality size is generally defined as the minimum size anglers consider the 
species harvestable. Generally, PSDs indicative of balance in a target species population are 
based on sustainable harvest of sizes preferred by anglers (Hubert and Kohler, 1999). 
Therefore, balance depends on the density of fish of various sizes in the population; both 
adequate numbers of catchable size fish and sufficient numbers of smaller fish to provide 
replacement (Hubert and Kohler, 1999). Ranges of PSD values indicating balanced populations 
have been developed for a number of different fish species. A balanced bluegill population and 
other sunfish species in general are recommended to have a PSD value of 20 to 40.  
 
Bluegill had a calculated PSD value of 72 in the 1968 survey of Pretty Lake, suggesting there 
were a large number of individuals of harvestable size (≥ 6 in; 15.2 cm). Redear sunfish 
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exhibited above average condition and below average growth. Redear sunfish had a PSD value 
of 29. Warmouth sunfish were in average condition and had a PSD value of 29. Largemouth 
bass accounted for 3.3% of the fish collected by number in 1968 and exhibited average 
condition and below average growth. Largemouth bass had a PSD value of 21, which is below 
the desired range of 40-70 for a balanced population. During the 1968 study the IDNR noted the 
density of aquatic vegetation was reaching a point where it was becoming a problem along the 
shoreline, although recent surveys of aquatic vegetation do not suggest this is still a problem 
(Aquatic Control, 2007). 
 
According to the 1968 fishery management report, Pretty Lake was involved in a trout stocking 
program until 1965, and northern pike and walleye have been reportedly stocked by local 
residents (Robertson, 1969).  Unfortunately, Pretty Lake has not been surveyed in 40 years, 
therefore the current structure of the fish community is not known. The scope of this diagnostic 
study did not allow for fish sampling.  A general fisheries survey would need to be completed in 
order to evaluate the current state of the fish community in Pretty Lake and compare it to the 
historical information for trend analysis and specific management recommendations.  The 
following general recommendations for improving the fishery of similar lakes are still applicable.  
 
Anglers are encouraged to practice selective harvest of panfish (bluegill, redear, and crappie), 
by decreasing their harvest of large adults and increasing their harvest of younger, smaller fish. 
This would be beneficial to the panfish population for a couple of reasons: 1) the release of 
large adults will help develop a healthy stock of breeding individuals capable of producing many 
offspring, and 2) the increased harvest of smaller individuals would decrease the amount of 
intra-specific competition for space and food resources between young fish resulting in a 
healthy recruitment of individuals into the larger sized breeding population. The goal of selective 
harvest is to develop a distribution of sizes within the population that would allow for the harvest 
of quality size fish while ensuring the replacement of those individuals the following year.  
 
Largemouth bass play an important role in controlling the population of desirable game-fish, 
such as bluegill, and undesirable fish species, such as gizzard shad. This occurs in two ways: 1) 
by helping to reduce intra-specific competition between young bluegill through limitation of their 
numbers; and 2) by reducing inter-specific competition of resources between young gizzard 
shad and young bluegill through the control of gizzard shad numbers. Catch and release of 
largemouth bass beyond that required by law is always encouraged. 
 
It is recommended that the treatment for Eurasian watermilfoil continue on Pretty Lake as this is 
beneficial to the native plant community and the fish community. Controlling Eurasian 
watermilfoil is important in maintaining a diverse native plant community as it often outcompetes 
native species. Dense stands of Eurasian watermilfoil can have negative impacts on fish 
communities by decreasing predator (largemouth bass) foraging efficiency which often produces 
slow growth rates in both the predatory bass and the panfish prey species.   
 
3.5 Zebra Mussels 
Zebra mussels are an exotic species of concern for many lakes and rivers throughout the state 
and for Pretty Lake as well.  Zebra mussels are small, fingernail-size, freshwater mollusks which 
are native to the Caspian, Black, and Aral Seas of Eastern Europe.  Mature females can 
produce between 30,000 and 100,000 eggs per year which hatch into larvae, called veligers, the 
size of the period at the end of this sentence.  Within two to three weeks of hatching the veliger 
shells begin to harden and become able to attach and detach from hard surfaces like rock, 
wood, glass, rubber, metal, gravel, other zebra mussels, and shellfish.   
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Zebra mussels are efficient filter-feeders and consume large amounts of phytoplankton 
(microscopic algae) which are food for zooplankton (small animals) that nourish small fish.  
Without the plants at the base of the food chain, zooplankton populations decline causing fish 
recruitment to decline as well.  Additionally, mussels essentially filter out contaminants like PCB 
and other hazardous hydrocarbons from the water column and concentrate them in their 
tissues.  The toxins may then be biomagnified in mussel predators higher in the food web.  
Filter-feeding also results in a rerouting of dissolved and particulate-bound contaminants from 
the water column to the sediments in the form of feces and pseudofeces where benthic or 
bottom-feeding invertebrates may ingest them.  Fish consuming the invertebrates further 
biomagnify the toxins, and since zebra mussel introduction, PCB concentrations in top-
predators have increased.   
 
Zebra mussels also affect water quality by altering the sediments and the water column of 
infested water bodies.  Colonies of mussels increase the amount of benthic organic matter 
through the production of waste products.  A shift in the community composition of the 
invertebrates that inhabit the benthic sediments occurs, and invertebrates usually indicative of 
poorer water quality become dominant (like tubificid oligochaetes and chironomids).  Zebra 
mussels are also associated with an increase in water clarity and light penetration which in turn 
may result in increased macrophytic vegetation growth.  However, they selectively filter out 
small forms of phytoplankton (diatoms and cryptophytes), with no impact on colonial and 
filamentous cyanobacteria.  Nutrient resources no longer used by the small members of the 
algal community become available to cyanobacteria causing noxious blooms.  Zebra mussels 
also release large amounts of bioavailable nitrogen (ammonium, NH4

+) which may be utilized by 
large, undesirable algae.  Additionally, the invading mussels are associated with increasing 
fractions of dissolved, bioavailable toxins in the water column. 
 
Because recreational boating is the primary mechanism for dissemination of adult and larval 
zebra mussels, following some simple precautions can help prevent the spread of this aquatic 
nuisance organism: 

1. Remove visible vegetation from equipment and objects that were in the water. 
2. Flush engine cooling system, live wells, and bilge with hot water or tap water.  Water of 

110°C and 140°C will kill veligers and adults respectively. 
3. Rinse any other areas that get wet like trailers, boat decks, etc. 
4. Air dry boat and equipment for two to five days before using in uninfested waters. 
5. Examine boat exterior if it has been docked in mussel-infested waters.  If mussels or 

large amounts of algae are found, clean the surfaces or dry the boat for at least five 
days. 

6. Do not reuse bait or bait bucket water if they have been exposed to mussel-invaded 
waters. 

 
Identify zebra mussels by: 

1. Shell Appearance:  zebra mussels look like small D-shaped clams of a yellow or brown 
color.  The shell is characterized by light and dark striping resembling tiger stripes. 

2. Size and Location:  most zebra mussels are only the size of a fingernail but may be up to 
two inches long.  They tend to grow in colonies of multiple individuals in shallow, 
productive waters. 

3. Attachment:  no other freshwater mussels can firmly attach themselves to solid 
substrates. 
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3.6 Historical Water Quality 
The Indiana Department of Natural Resources, Division of Fish and Wildlife, the Indiana State 
Pollution Control Board, the Indiana Clean Lakes Program (CLP), and Volunteer Monitors have 
conducted various water quality tests on Pretty Lake. Table 9 presents some selected water 
quality parameters for these assessments of Pretty Lake. 
 
Table 9. Summary of historic data for Pretty Lake, Marshall County, Indiana. 

Date Secchi 
(ft) 

% 
Oxic 

Epi 
pH 

TP 
(mg/L)

Plankton
(#/L) 

Chl a 
(μg/L)

ITSI 
Score Source 

6/17/68 5.2 62.5% 9.5 -- -- -- -- Peterson and Robertson, 1969
7/22/75 -- 70.0% -- 0.040* -- -- 28δ  ISPCB, 1986 
1989 13.8 -- -- 0.060 310 -- 20 CLP, 1989 
1990+ 18.5 -- -- -- -- -- -- Volunteer monitor, 1990  
1991+ 22.2 -- -- -- -- -- -- Volunteer monitor, 1991 
1992+ 20.1 -- -- -- -- -- -- Volunteer monitor, 1992 
1993+ 23.5 -- -- -- -- -- -- Volunteer monitor, 1993  

7/31/95 11.8 57.5% 8.6 0.067 1,997 1.3 11 CLP, 1995 
7/19/99 10.5 65.0% 8.1 0.123 580 1.3 6 CLP, 1999 
2000+ 12.2 -- -- -- -- -- -- Volunteer monitor, 2000  
2001+ 13.4 -- -- -- -- -- -- Volunteer monitor, 2001  
2002+ 16.7 -- -- -- -- -- -- Volunteer monitor, 2002  
2003+ 14.8 -- -- -- -- -- -- Volunteer monitor, 2003  
2004+ 14.0 -- -- -- -- -- -- Volunteer monitor, 2004  

8/10/04 12.5 57.5% 8.6 0.034 3,127 1.4 18 CLP, 2004 
2005+ 14.7 -- -- -- -- -- -- Volunteer monitor, 2005 
6/6/06 14.0 -- -- -- -- -- -- Aquatic Control, 2007 
8/18/06 15.0 -- -- -- -- -- -- Aquatic Control, 2007 
2006+ 16.1 -- -- -- -- -- -- Volunteer monitor, 2006 
2007+ 14.8 -- -- -- -- -- -- Volunteer monitor, 2007 

*Water column average; all other values are means of epilimnion and hypolimnion values. 
+Volunteer monitoring data are average values for all samples collected in that calendar year. 
δEutrophication Index (EI) score. The EI differs slightly but is still comparable to the TSI used today. 
 
Based on the data presented in Table 9, water quality in Pretty Lake has remained stable or 
declined slightly over the past 40 years. Water clarity is relatively good for the region. Secchi 
disk transparency (a measure of water clarity) has ranged from a low of 5.2 feet (1.6 m) in June 
1968 to a average high of 23.5 feet (8.2 m) in 1993. The June 1968 measurement is more than 
5 feet less than any other measurements recorded for Pretty Lake. This could be attributed to 
an algae bloom at the time of the sampling, sampling occurring immediately following a rain 
event, or could result from an error in data recording. If this measurement is treated as an outlier 
and removed from the data set, then the lowest water clarity measurement in Pretty Lake is 11.8 
feet (3.6 m) as measured in July 1995. Overall, water clarity in Pretty Lake is better than most 
lakes in Indiana.  Pretty Lake has a median clarity of 16.6 feet (5.1 m) with average 
transparencies measuring 10 feet (3.1 m) greater than the median clarity measured for Indiana 
lakes. Figure 18 displays the variation in water clarity over time within Pretty Lake. The data 
suggests a decrease in water clarity (lower secchi disk reading); however, this may be due in 
part to variation in the amount of data collected per year and the period in the year in which the 
data was collected.  
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Figure 18. Historic Secchi disk transparency data - Pretty Lake, Marshall County, Indiana. 
Source: Aquatic Control, 2007; CLP, 1989, 1995, 1999, 2004; ISPCB, 1986; Robertson, 1969; 
 
Overall, water clarity measurements in Pretty Lake follow a pattern typically observed in Indiana 
lakes. Water clarity is generally better during the spring, early summer, and late fall than clarity 
measurements that occur during the middle of the summer and early fall (July to September). 
This trend is more apparent when individual monthly median and average Secchi disk 
transparencies are observed (Table 10). The best (highest) monthly average and median 
transparencies occur during May (32 feet or 9.7 m) and June (21.2 feet or 6.5 m), while the 
poorest (lowest) average and median transparencies occur during October (10.3 feet (3.1 m)). 
Additionally, it should be noted that more samples have been collected during the peak 
recreation season of July and August. For this reason, and due to the longer days, more 
sunlight, and higher temperatures, water clarity is typically poorer during this peak use season. 
Combined, these data suggest that water clarity within Pretty Lake may be declining; however, 
the variation over time is not a significant change from historic transparency levels. 
 
Table 10. Median and average transparencies measured in Pretty Lake from 1965 to 2005. 
Month Average Clarity (ft) Median Clarity (ft) Number of Measurements 
May 32.0 32.0 1 
June 21.2 22.6 8 
July 16.9 16.4 15 
August 16.6 15.6 16 
September 15.2 16.3 9 
October 12.3 10.3 3 

Source: Aquatic Control, 2007, 2008; CLP, 1989, 1995, 1999, 2004; ISPCB, 1986; Robertson, 1969. 
  
Other data collected within Pretty Lake refute the idea that water quality may be declining within 
the lake. The 1% light level measurements (point at which only 1% of the surface ambient light 
is available underwater) suggest fluctuations in water clarity but neither support nor refute 
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changes in water clarity over time. Overall, 1% light levels vary from 16.5 to 17 feet (5.0 to 5.2 
m, respectively) in 1975 and 1995 to 26 feet (7.9 m) in 1999 before declining to 21 feet (6.4 m) 
in 2004.This means that light is available down to a zone from 16.5 to 26 feet (5.0 to 7.9 m), 
which is much better than median measurements for other Indiana lakes. 
 
Total phosphorus concentrations have generally remained low within Pretty Lake with more 
recent data suggesting an increase in total phosphorus concentration (Figure 19). Total 
phosphorus concentrations ranged from 0.040 mg/L in July 1975 (ISPCB, 1986) to 0.123 mg/L 
in July 1999 (CLP). Despite the suggested increase in concentration, all of the total phosphorus 
measurements collected in Pretty Lake remain below the median concentration for Indiana 
lakes (0.17 mg/L).  
 
Soluble reactive phosphorus concentrations follow a similar pattern with epilimnion 
concentrations as low as 0.01 mg/L measured in 1989 and increasing to 0.04 mg/L in August 
2004.  Soluble reactive phosphorus is the portion of phosphorus that is available to plankton 
and aquatic plants for uptake and usage in production. Therefore, increases in soluble 
phosphorus concentrations in Pretty Lake are of concern and suggest potential declines in 
water quality within Pretty Lake over the last 40 years. Despite increases in phosphorus, overall 
concentrations remain low compared with other lakes throughout the region and within Indiana. 
 

Pretty Lake, Marshall County, Indiana 
Total Phosphorus Concentration

7/31/1995

8/10/2004

7/22/1975

7/1/1985

7/19/1999

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

To
ta

l P
ho

sp
ho

ru
s 

(m
g/

L)

 
Figure 19. Historic total phosphorus concentrations measured in Pretty Lake, Marshall 
County, Indiana. Source: CLP, 1989, 1995, 1999, 2004; ISPCB, 1986. 
 
The lake’s algae (plankton) density reflects the relatively low nutrient levels typically present in 
Pretty Lake. Nutrients (nitrogen and phosphorus) promote the growth of algae and/or rooted 
plant populations. Thus, lakes with high nutrient levels are expected to support dense algae 
and/or rooted plants. Plankton densities are relatively low within Pretty Lake, reflecting the 
relatively low nutrient concentrations present within the lake. The lowest plankton density 
coincides with the lowest total phosphorus concentration measured in the lake; however, this 
relationship does not hold true for the other three plankton densities. This is likely due to the 
overall low density present in Pretty Lake. Low chlorophyll a concentrations also reflect the 
relatively low plankton densities and total phosphorus concentrations found in the lake. None of 
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the chlorophyll a concentrations exceed the median concentration measured in Indiana lakes 
(12.9 μg/L). The lake’s overall Indiana Trophic State Index (ITSI) scores ranged from a high of 
28 in 1975 to a low of 6 in 1999 before rising again to 18 in 2004.  All of these scores suggest 
that the lake is oligotrophic to slightly mesotrophic. (Please see the following sections for more 
detailed discussion of lake water quality parameters and trophic state indices.) 
 
Figure 20 displays the temperature profiles recorded during IDNR fisheries surveys and Indiana 
CLP assessments. All of the temperature profiles show that Pretty Lake was stratified at the 
time of the assessments. The developed hypolimnion (bottom water) present during the surveys 
is very typical of Indiana lakes. The metalimnion, or area of rapidly changing water temperature, 
typically extends from 5 feet (1.5 m) to approximately 30 feet (9.1 m). The epilimnion (surface 
water) is located above the metalimnion, while the hypolimnion (bottom water) is located below 
the metalimnion. Water within the epilimnion and hypolimnion are typically separated during the 
summer in stratified lakes and do not mix. This is the case during all assessments as displayed 
in Figure 19; however, during 1968 and 2004 sampling events, it is apparent that the epilimnion 
was undergoing complete mixing. During each of these assessments, the temperature did not 
change within the first 10 feet (3.1 m) of water (1968) and 20 feet (6.1 m) of water (2004). This 
indicates that the top layer of water or the epilimnion was mixing at the time of assessment. 
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Figure 20. Historical temperature profiles for Pretty Lake.  Source: CLP, 1995, 1999, 2004; ISPCB, 
1986; Robertson, 1969. 
 
Much of the data presented above suggest that Pretty Lake is only moderately productive.  The 
historical percent oxic results (Table 9) and dissolved oxygen profiles (Figure 21) support this 
idea. Dissolved oxygen data indicate that the lake possessed dissolved oxygen greater than 1 
mg/L in less than 58% of the water column. The dissolved oxygen data also indicate that more 
than half of the water column is available for use by the lake’s biota. However, low dissolved 
oxygen concentrations present at the lake bottom increases the potential for nutrient release 
from the lake’s bottom sediments.  Additionally, during each assessment, except the most 
recent (2004) assessment, there is a sharp increase in dissolved oxygen in the lake’s 
metalimnion. This results in a positive-heterograde profile (Figure 21). Positive-heterograde 
profiles are characterized by a peak in oxygen concentration at a depth below the water surface, 
such as the peak in the 1999 profile beginning at 14 feet (4.2 m) below the water’s surface. The 
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peak is likely associated with a higher concentration in phytoplankton at that particular depth 
layer. Called a metalimnetic oxygen maximum, the peak results when the rate of settling 
plankton slows in the denser waters of the metalimnion. At this depth, the plankton can take 
advantage of nutrients diffusing from the nutrient-enriched hypolimnion. As the plankton at this 
depth photosynthesize, they release oxygen into the water column, creating a peak in oxygen at 
that level. The 1975 assessment profile is also a great example of a metalimnetic oxygen 
maxima as are 1968 and 1995 assessments profiles, although in all of these cases, the peaks 
are much smaller than that present during the 1975 and 1999 assessments. During the most 
recent assessment, a peak is not present in the metalimnion. In fact, dissolved oxygen 
concentrations are uniform from the lake’s surface to a depth of about 16 feet (4.8 m). As 
indicated by the temperature profile from the same date, the epilimnion (surface water) of Pretty 
Lake was mixing during this assessment. This results in relatively uniform conditions being 
present in the lake’s upper waters. 
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Figure 21. Historical dissolved oxygen profiles for Pretty Lake.  Source: CLP1995, 1999, 2004; 
ISPCB, 1986; Robertson, 1969. 
 
The lack of oxygen in the lower portion of the lake’s water column may be reflective of Pretty 
Lake’s complex morphology rather than a sign of intense decomposition of plant material during 
the summer months. Decomposition of plant material undoubtedly occurs in the lake’s deeper 
waters, removing oxygen from the water column. Higher hypolimnetic ammonia concentrations 
suggest decomposition has occurred in the lake’s bottom waters during some points in the 
lake’s history (Tables 11 to 14). But the lake’s morphology, specifically, its drop off at a depth of 
30 feet (1.1 m), may prevent the lake from completely mixing during turnover periods. The fact 
that the lake’s hypolimnion is composed of several isolated basins also reduces likelihood of 
complete turnover of the lake’s deepest waters. 
 
A similar situation occurs on Lake Maxinkuckee in Culver, Indiana.  Lake Maxinkuckee 
possesses low nutrient levels and low productivity (lower than Pretty Lake), but Lake 
Maxinkuckee also exhibits anoxia in its hypolimnion.  Historical documents show that Lake 
Maxinkuckee has always (at least prior to extensive settlement around the lake) lacked oxygen 
in its bottom waters (Evermann and Clark, 1920). Crisman (1986) suggests Lake Maxinkuckee’s 



Pretty Lake Diagnostic Study DRAFT-Subject to Revisions  January 2009 
Marshall County, Indiana   

JFNew File 070893.00  Page 37 
 

morphology prevents complete mixing of the lake during turnover periods.  The lake’s inability to 
completely mix prevents the reoxygenation of bottom waters in Lake Maxinkuckee.  Thus, 
despite being a classified as an oligotrophic/mesotrophic lake, Lake Maxinkuckee experiences 
oxic conditions in the lower part of the water column more typical of eutrophic lakes. 
 
Regardless of whether the lack of oxygen in Pretty Lake’s hypolimnion is the result of its 
morphology or an indication of accelerated eutrophication of the lake, this lack of oxygen poses 
a problem for the lake’s inhabitants. Fish and other aquatic organisms require oxygen to live.  
The lack of oxygen in the lake’s hypolimnion reduces the amount of habitat available to fish.  
Fortunately, most of the lake’s volume has oxygen levels sufficient to support fish.  Based on 
the depth-volume curve (Figure 13), approximately 80% percent of the lake’s volume is 
oxygenated. (The percent oxic parameter measures the vertical percent, not volumetric percent, 
of the water column with oxygen.) 
 
The lack of oxygen in Pretty Lake’s hypolimnion also affects the lake’s chemistry. While mean 
total phosphorus concentrations are variable for the years displayed in Tables 10 through 13, a 
more detailed evaluation shows that hypolimnetic total phosphorus concentrations are typically 
higher than epilimnetic total phosphorus concentrations. Under anoxic conditions, the iron in 
iron phosphate, a common precipitate in lake sediments, is reduced, and the phosphate ion is 
released into the water column. This phosphate ion is readily available to algae, and can 
therefore spur algal growth. Further review of historical phosphorus data indicate that much of 
the total phosphorus was in the dissolved form of phosphorus (SRP). This indicates that Pretty 
Lake was releasing phosphorus from its bottom sediments. Additionally, Pretty Lake exhibited 
higher hypolimnetic ammonia concentrations than those observed in the lake’s epilimnion during 
two of the four assessments, suggesting decomposition of organic matter was occurring in the 
lake’s bottom waters. Overall, these data suggest that Pretty Lake was a mesotrophic to mildly 
eutrophic lake during the 1989, 1995, 1999, and 2004 assessments. 
 
Table 11. Historical water quality characteristics of Pretty Lake, July 1, 1989.  

Parameter Epilimnetic 
Sample 

Hypolimnetic 
Sample 

Indiana TSI Points 
(based on mean values) 

Secchi Depth Transparency 13.8 ft  -- 0 
Light Transmission @ 3 ft. 61%  -- 2 
Oxygen Saturation @ 5ft. 111%  -- 0 
% Water Column Oxic 81.8%  -- 0 
Nitrate-Nitrogen 0.819 mg/L 0.997 mg/L 3 
Ammonia-Nitrogen 0.037 mg/L 0.024 mg/L 0 
Organic Nitrogen 0.984 mg/L 1.034 mg/L 3 
Soluble Reactive Phosphorus 0.010 mg/L* 0.010 mg/L* 0 
Total Phosphorus 0.033 mg/L 0.086 mg/L 3 
Plankton Density 310/L  -- 0 
Blue-Green Dominance 67%  -- 10 
  TSI Score 21 
    Mesotrophic 

 
 
 
 
 



Pretty Lake Diagnostic Study DRAFT-Subject to Revisions  January 2009 
Marshall County, Indiana   

JFNew File 070893.00  Page 38 
 

Table 12. Historical water quality characteristics of Pretty Lake, July 31, 1995.  

Parameter Epilimnetic 
Sample 

Hypolimnetic 
Sample 

Indiana TSI Points 
(based on mean values) 

Secchi Depth Transparency 11.8 ft -- 0 
Light Transmission @ 3 ft. 15%  -- 4 
1% Light Level 16.5ft  -- -- 
Oxygen Saturation @ 5ft. 121.1%  -- 2 
% Water Column Oxic 57%  -- 2 
pH 8.6  7.2  -- 
Conductivity 278 μmhos 216 μmhos -- 
Alkalinity 90 mg/L 111 mg/L -- 
Nitrate-Nitrogen 0.022 mg/L* 0.022 mg/L* 0 
Ammonia-Nitrogen 0.037 mg/L 0.040 mg/L 0 
Organic Nitrogen 0.399 mg/L 1.209 mg/L 2 
Soluble Reactive Phosphorus 0.010 mg/L* 0.010 mg/L* 0 
Total Phosphorus 0.017 mg/L 0.117 mg/L 3 
Chlorophyll a 1.29 μg/L -- -- 
Plankton Density 1,997/L  -- 0 
Blue-Green Dominance 40%  -- 0 
    TSI Score 13 
   Oligotrophic 

*=Method detection level 
 
 
Table 13. Historical water quality characteristics of Pretty Lake, July 19, 1999.  

Parameter 
Epilimnetic 

Sample 
Hypolimnetic 

Sample 
Indiana TSI Points 

(based on mean values) 
Secchi Depth Transparency 10.5 ft  -- 0 
Light Transmission @ 3 ft. 75%  -- 0 
1% Light Level 26ft  -- -- 
Oxygen Saturation @ 5ft. 117%  -- 1 
% Water Column Oxic 65%  -- 2 
pH 8.1  7.2  -- 
Conductivity 275 μmhos 220 μmhos -- 
Alkalinity 93 mg/L 148 mg/L -- 
Nitrate-Nitrogen 0.022 mg/L* 0.022 mg/L* 0 
Ammonia-Nitrogen 0.018 mg/L* 0.018 mg/L* 0 
Organic Nitrogen 0.657 mg/L 1.077 mg/L 2 
Soluble Reactive Phosphorus 0.017 mg/L 0.017 mg/L 0 
Total Phosphorus 0.028 mg/L 0.217 mg/L 3 
Chlorophyll a 1.34 μg/L  -- -- 
Plankton Density 580/L  -- 0 
Blue-Green Dominance 47%  -- 0 
    TSI Score 8 
   Oligotrophic 

*=Method detection level 
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Table 14. Historical water quality characteristics of Pretty Lake, August 10, 2004.  

Parameter 
Epilimnetic 

Sample 
Hypolimnetic 

Sample 
Indiana TSI Points 

(based on mean values)
Secchi Depth Transparency 12.5 ft -- 0 
Light Transmission @ 3 ft. 55%  -- 2 
1% Light Level 21ft  -- -- 
Oxygen Saturation @ 5ft. 107%  -- 0 
% Water Column Oxic 57%  -- 2 
pH 8.6  7.2  -- 
Conductivity 237 μmhos 211 μmhos -- 
Alkalinity 85 mg/L 111 mg/L -- 
Nitrate-Nitrogen 0.013 mg/L* 0.013 mg/L* 0 
Ammonia-Nitrogen 0.029 mg/L 0.202 mg/L 0 
Organic Nitrogen 0.260 mg/L 0.413 mg/L 1 
Soluble Reactive Phosphorus 0.040 mg/L 0.211 mg/L 2 
Total Phosphorus 0.024 mg/L 0.044 mg/L 1 
Chlorophyll a 1.37 μg/L -- -- 
Plankton Density 3,127/L  -- 0 
Blue-Green Dominance 82%  -- 10 
    TSI Score 18 
   Mesotrophic 

*=Method detection level 
 
3.7 Boat Counts 
In addition to swimming, birding, and other lake related activities, watercraft users are common 
in the warm season on Pretty Lake. Current policies enacted by the property owners allow high 
speed boating from 1-4 pm each day. A boat count was conducted by resident volunteers on 
June 19th, July 4th, and July 15, 2008 (Appendix C). The survey indicates that pontoons account 
for 47%; fishing boats represent 28%; speed boats 24%; and paddle boats, canoes, and kayaks 
less than 1% of the lake’s boats.  At any one time there was a maximum of 18 boats on the lake 
(this occurred on July 4th at 5pm) and 5 of those were speed boats.  The average number of 
boats on Pretty Lake during a week day (Thursday, June 19th using 4 counting periods) was 1.5.   
 
Carrying Capacity 
Lakes are finite resources which are in high demand. As residential development increases 
around lakes, boating and other on-lake recreational activities increase as well. This increased 
use coupled with increases in boat size and speed has brought lake over-crowding to the 
forefront in many communities. Balancing lake use with ecological, economical, and aesthetic 
impacts is paramount in arriving at balanced, sustainable use levels.  
 
Mahoney and Stynes (1995) noted that recreational carrying capacity is based as much on user 
perception as it is on science. Other researchers agree that every waterbody has a carrying 
capacity; however, what that capacity is determined to be depends on a number of factors 
including the waterbody’s size, shape, depth, shoreline development, and most importantly the 
aesthetic preference of the lake’s user group. Wagner (1990) suggests that there is not one true 
carrying capacity for each waterbody; rather each lake user has their own perception. This 
results in there being no single boating densities that will satisfy all users at all times. Jaakson et 
al. (1994) may state recreational carrying capacity best by indicating that carrying capacity is 
more a value judgment than a technical decision.  
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Many factors influence the estimation of a lake’s recreational carrying capacity. These include 
the physical characteristics of the lake; the lake’s use characteristics (the number of lakeside 
homes, number of moored and off-lake boats, number of access sites and density of their use, 
etc.); environmental impacts such as those to the aquatic plant community or lake sediment; 
area of the lake available for boating; boat density (calculated and actual); and the lake use 
rate. As each of these include several factors, they will be discussed in more detail below with 
specifics for each of the lakes discussed in subsequent sections. 
 
Lake Physical Characteristics 
Many factors affect the recreational carrying capacity of a lake. However, the one factor that 
cannot be regulated or altered no matter the effort involved is the lake’s physical characteristics 
or morphology. The lake’s surface area and maximum depth are the most important factors in 
determining the lake’s use, aesthetic value, and environmental resource. Additionally, the 
location of shallow shoals, deep holes, and shoreline wetlands determine the locations of 
highest ecological quality. Another important factor is the lake’s fetch. The fetch represents the 
maximum open water distance across the lake. Finally, the shoreline development, or how 
convoluted the shoreline is, determines how much impact motorized craft will have on a 
waterbody. The shoreline development ratio (SDR) is often used to measure the convolution or 
the development potential of a lake. It is calculated by dividing the shoreline length by the 
circumference of a circle that has the same area as the lake. Wagner (1990) detailed the impact 
of high shoreline development ratios noting that as SDRs increase so does the potential for 
ecological consequence and safety risk. Wagner noted the following reasons for increased 
negative impacts: 1) more shoreline housing units and thus users per unit of surface area; 2) 
tighter and more confined recreational spaces; 3) additional shoreline subject to wake-induced 
erosion; and 4) greater probability for near-shore, shallow-water depths that are more 
vulnerable to motor boat impacts. Motorized watercraft impacts to waterbodies are directly 
correlated with the lake’s physical characteristics; impacts to water clarity, shoreline erosion, 
and plant distribution increase as boat traffic increases, especially in shallow waters less than 
several feet deep (UWEX, 2002).  
 
Use Characteristics 
Jones (1996) identified the ability of waterbody to accommodate a variety of users attempting 
mixed uses as the predominant factor in determining a lake’s use rate. As demands for the 
same space increase, so do the potential conflicts between users. During surveys completed on 
the Ririe River Reservoir, users noted that social and facility capacity were the two predominant 
factors in their use of the lake (USDI, 2004). Users typically stopped using the lake when they 
perceived that the lake was crowded, therefore the lake was limited by social capacity. 
Secondarily, users did not enter the lake when they were required to wait for access to the lake 
through the boat launch.  User conflicts are typically based on speed, noise, or maneuverability 
(Klessig, 2001). Under crowded conditions, Kusler (1972) noted that users typically attempt one 
of the following: 

 Tolerance of higher levels of interference or interruption from other users than that which 
they are comfortable; 

 Engaging in riskier or more aggressive behavior than is their norm; 
 Movement to less ideal or optimal locations within the same waterbody so that they may 
continue their activity; or 

 Leaving the lake. 
 
A lake’s major use is determined both by its physical characteristics and by its users. Use levels 
can be determined in many ways including the number of shoreline dwellings, number of 



Pretty Lake Diagnostic Study DRAFT-Subject to Revisions  January 2009 
Marshall County, Indiana   

JFNew File 070893.00  Page 41 
 

moored boats, number of boats launched daily at the lake’s boat access points, or the number 
of boats in use. Additional factors that should be considered when assessing waterbody use 
include craft type, speed, and predominant movement pattern; operator behavior; and overall 
impacts to the environment.  Mahoney and Stynes (1995) identified the following items as keys 
in determining a lake’s carrying capacity: spatial and temporal use patterns; craft characteristics; 
and surrounding land use. The number of users and their use patterns are defined by the lake’s 
social carrying capacity or the level of use where the social experience is negatively impacted. 
 
Environmental Impacts 
One of the most common impacts associated with motor boating is a decrease in water clarity.  
As motor boats travel through shallow water, the energy from movement of the boat propeller 
may be sufficient to resuspend sediment from the lake bottom, decreasing the lake’s water 
clarity. Several researchers have documented either an increase in turbidity or a decrease in 
Secchi disk transparency during and following motor boat activity (Wagner, 1990; Asplund, 
1996; Yousef et al., 1980).  Crisman (1986) reports a decrease in Secchi disk transparency 
following holiday weekend use of Lake Maxinkuckee in Culver, Indiana.  Asplund (1996) also 
observed poorer water clarity in his study of lakes following weekend boating and that this 
decrease in water clarity is more pronounced in lakes with generally better water clarity.  This 
finding is particularly significant for many lakes throughout the watershed as they generally 
exhibit better water clarity than the typical Indiana lake.  
 
The ability of a motor boat to resuspend sediment from the lake bottom depends on several 
factors.  Some of these factors, such as boat length, motor size, and boat speed, are related to 
the boat itself and the boat’s operator.  Yousef et al. (1978) found that 10 horsepower (hp) 
motors were capable of mixing the water column to a depth of 6 feet (1.8 m), while 50 hp motors 
were capable of mixing the water column to a depth of 15 feet (4.6 m).  While larger motor sizes 
have a greater potential to resuspend sediments than smaller motors, longer boats and higher 
speeds do not automatically translate to a greater ability to resuspend sediments. Boats that are 
‘planing’ on the water actually have little impact on the lake’s bottom.  This is because the 
velocity of water at the lake bottom created by a motor boat depends on the boat’s 
displacement, which is a function of boat length and speed.  Beachler and Hill (2003) suggest 
that boat speeds in the range of 7 to 12 mph may have the greatest potential to resuspend 
sediment from the lake bottom. (This range is based on typical recreational boat length.) 
 
Certain characteristics of lakes also influence the ability of motor boats to resuspend sediments.  
Shallow lakes are obviously more prone to water clarity degradation associated with motor 
boating than deeper lakes.  Wagner (1990) suggests little impacts from motor boating are likely 
in water deeper than 10-15 feet (3.0-4.6 m).  Lakes with soft fine sediments are more likely to 
suffer from sediment resuspension than lakes with coarser substrates. Lakes with extensive 
rooted plant coverage throughout the littoral zone are less prone to motor boat related 
resuspension problems than lakes with sparse vegetation since plants help hold the lake’s 
bottom substrate in place.   
 
It is important to note that the decrease in water clarity is not usually permanent.  Once motor 
boating activity ceases, resuspended materials will sink to the lake bottom again.  However, this 
process can take several days.  Wagner (1990) found that while turbidity levels steadily 
decreased following boating activity in his shallow study lakes, the turbidity had not returned to 
baseline levels even two days after the activity.  Crisman (1986) found similar lags on Lake 
Maxinkuckee.   
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In addition to a decrease in water clarity, several other potential ecological impacts from motor 
boating exist.  Various researchers have documented increased phosphorus concentrations, 
damage to rooted plants, changes in rooted plant distribution, and increased shoreline erosion 
associated with motor boating activity (Asplund, 1996; Asplund and Cook, 1997; Schloss, 1990; 
Yousef et al., 1980).  Less commonly studied concerns include potential increases in heavy 
metal and hydrocarbon pollution, changes in algal populations, and impacts to lake fauna.   
 
Just as the potential impact of motor boating on a lake’s water clarity depends in large part on 
the specific characteristics of the lake, the potential for other ecological impacts associated with 
motor boating often depend on characteristics of the specific lake (Wagner, 1990).  For 
example, Yousef et al. (1980) found increases in total phosphorus concentrations associated 
with motor boating activity in all his study lakes.  However, only one of Wagner’s study lakes 
showed an increase in phosphorus concentrations associated with motor boating activity.  This 
lake possessed a nutrient rich, fine particle substrate.  Similarly, Schloss (1990) reported 
greater increases in phosphorus concentrations due to motor boat activities in those New 
Hampshire lakes with high levels of internal phosphorus loading.  New Hampshire lakes with 
lower levels of internal phosphorus loading were less likely to see large increases in phosphorus 
concentration associated with motor boat activity.  
 
Finally, boating activities can cause negative impacts to the aquatic plant community. Vermaat 
and Bruyne (1993) noted that boat-generated waves were the key factor in determining the 
distribution of aquatic plans. This is likely due to the potential impacts of boat motors through 
uprooting, dragging, and tearing of plant material.  All of these factors lead to the ecological 
carrying capacity of a lake or the maximum level of use before an unacceptable or irreversible 
decline in the ecosystem occurs (Pigram, 1983). 
 
Boating Density Options 
Boating density is one of the most difficult pieces of information to obtain for a carrying capacity 
determination. This is also the most important factor used in the calculation of a waterbody’s 
carrying capacity. Several studies have been completed that state what the optimum boating 
density, or the number of acres per boat by type, for a specific waterbody should be. The levels 
of expertise used in these decisions are varied. In fact, some are based on user opinion, on 
expert opinions designed with years of planning experience, or based solely on author opinions. 
As Kusler (1972) indicated, estimates of optimum boat density vary widely among sources. The 
first, and most important step, is to determine the optimal use in singular and in combination 
with other uses that the waterbody user group will tolerate. Additionally, Kusler noted the need 
to determine the activity of the boat in addition to its primary use. For instance, a ski boat is 
typically used for high speed boating activities, but can be used for fishing, slow-speed lake 
enjoyment, or as an anchor point for swimming or other off-boat activities. Each of these 
activities requires a different acreage and therefore ski boats in general should not be assigned 
a singular boat density. Rather, boats engaged in skiing or other high-speed boating activities 
should be assigned one density, while boats used for slow-speed boating should be assigned a 
separate density.  

 
The decision for choosing the correct boat density lies in the hands of the users themselves. 
Table 15 summarizes the various potential suggested maximum densities found by various 
researchers. More details on the local carrying capacity, including survey results of lake users, 
can be found in a LARE funded report “Wawasee Carrying Capacity Report” (JFNew, 2007).  
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Table 15. Summary of published optimum boating densities. 
Source Boating Use Suggested Density
Ashton (1971) All uses combined  4 to 11 boats/acre 

Kusler (1972) 
Water skiing combined with other uses 40 acres/boat 
Water skiing only 20 acres/boat 
Coordinated water skiing 15 acres/boat 

Jaakson et al. (1989) 

Waterskiing and motorboat cruising 20 acres/boat 
Fishing 10 acres/boat 
Canoeing, kayaking, or sailing 8 acres/boat 
All uses combined  10 acres/boat 

Warren and Rea (1989) 
Motor boat uses 9 acres/boat 
Canoeing, kayaking, or fishing 1.3 acres/boat 
Sail boating 4.3 acres/boat 

Wagner (1990) All uses combined  25 acres/boat 
Warbach et al. (1994) All motorized (>5 hp) uses 30 acres/boat 

Aukerman et al. (2004) 

All uses combined (urban lake) 1 to 10 acres/boat 
All uses combined (suburban lake) 10 to 20 acres/boat 
All uses combined (rural, developed 
lake) 20 to 50 acres/boat 

Progressive AE (2005) All uses combined 10 acres/boat 

SCLC and LCLC (2006) Water skiing only 4.6 acres/boat*SDI 
High speed boat only 3.9 acres/boat*SDI 

 
Pontoon boats (pleasure boating) 3.3 acres/boat*SDI 
Personal watercraft  4.0 acres/boat*SDI 
Manual-powered boat 2.9 acres/boat*SDI 

LRMD (2003) 

All uses: 100% idle 10 acres/boat 
All uses: 75% idle; 25% fast users 15 acres/boat 
All uses: 50% idle; 50% fast users 20 acres/boat 
All uses: 25% idle; 75% fast users 25 acres/boat 
All uses: 100% fast users 30 acres/boat 

 
 
Determining Useable Lake Area  
The first step in determining a lake’s carrying capacity is to determine the area of the lake that is 
available for use by watercraft. Every lake contains a portion where boating activities cause 
safety issues or negative environmental impacts. Ideally, boating should not occur in these 
areas which results in these areas being subtracted from the overall lake area. The resulting 
acreage is then used as the available area for the carrying capacity calculation. There are many 
ways to determine this acreage, which results in a number of scenarios as described below. 
Specific acreages that result from each of these calculations are detailed in subsequent 
sections. The different lake areas and the calculations used to arrive at those areas are detailed 
as follows: 
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Scenario 1: The entire lake is useable.  In Pretty Lake this is 97 acres which would allow from 3 
to 10 boats to operate in relative comfort.  The lower number is used if the boats are 100 
percent high speed (water skiers or personal water craft) and the higher number is used for non-
motorized or idle speed watercraft. 
 
Scenario 2: Removing those areas of the lake where high-speed boating is already limited. 
According to the Indiana Code (IC 14-15-3-17): 

  
A person may not pass within two hundred (200) feet of the shoreline of a lake or 
channel of the lake at a point where the lake or channel is at least five hundred (500) 
feet in width, except for the purpose of trolling or for the purpose of approaching or 
leaving a dock, pier, or wharf or the shore of the lake or channel. 

 
Using this section of the administrative code, all areas of the main lake that are within 200 feet 
of the shoreline are removed from the available boating area as are areas within channels.  In 
Pretty Lake that means that only 61 acres are available for motor boat use allowing 2 to 6 boats. 
 
Scenario 3: Remove shallow areas from boating.  Studies indicate that shallow areas (0-10 feet) 
are extremely susceptible to negative impacts due to boating activities (Asplund, 1996); 
therefore, those areas that are less than 10 feet in depth were subtracted from the value 
obtained from Scenario 1.  For Pretty Lake this results in the availability of 68 acres or a 
maximum comfort level of 2 to 7 boats on the lake.     
 
Referencing the boat counts conducted by Pretty Lake property owners, the suggested carrying 
capacity of Pretty Lake was exceeded by a factor of three on July 4th with 18 boats on the lake 
at one time and from 5 to 6 speed boats between 3:30 and 5:00 pm.  There were 4 speed boats 
still using the lake at 9:00 pm.  Although the count on July 15th between 1 and 4 pm 
documented 7 speed boats, it is unknown whether they were on the lake simultaneously or took 
turns during this time period. It would be interesting to have interviewed lake users or lakeshore 
property owners at that time to document their perception of the lake use.   While July 4th 
probably represents one of the busiest days of the year, the other two boat counts represented 
an average of 1 and 4 boats respectively at any one time with speed boats mostly adhering to 
the 1 to 4 pm use policy.  It appears that on most days that the suggested boat carrying capacity 
of Pretty Lake is not exceeded. 
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4.0 WATER QUALITY ASSESSMENT 
 
4.1  Methods 
The water sampling an analytical methods used for Pretty Lake were consistent with those used 
in IDEM's Indiana Clean Lakes Program and IDNR's Lake and River Enhancement Program. 
During most lake studies we sample tributary streams emptying into the lake, as well as the 
outfall to the lake, and the lake itself in order to assess inputs and outputs of nutrients from the 
lake.  The only waterway entering Pretty Lake was not sampled because it is a drainage tile that 
has no consistent flow.  The outfall from the lake on the eastern edge also had no noticeable 
flow on the day of sampling.  
 
We collected Pretty Lake water samples on July 21, 2008 from the surface waters (epilimnion) 
and from the bottom waters (hypolimnion) at a location over the deepest water.  The sampled 
parameters include total phosphorus (TP), soluble reactive phosphorus (SRP), nitrate-nitrogen 
(NO3

-), ammonia-nitrogen (NH4
+), total Kjeldahl nitrogen (TKN), and organic nitrogen (N). Other 

parameters such as Secchi disk transparency, light transmission, and oxygen saturation are 
single measurements made in the epilimnion.  In addition, dissolved oxygen and temperature 
were measured at 3.3 foot (1 m) intervals from the surface to the bottom.  Chlorophyll was 
determined only for the epilimnetic sample by using a tow to collect plankton from the 1% light 
level to the water surface.  The net is pulled vertically towards the surface through this zone.  
Conductivity, alkalinity, turbidity, temperature, and dissolved oxygen were measured in situ at 
the lake sampling site with a HydroLab Model QD 0337 meter.   
 
All lake samples were placed in the appropriate bottle (with preservative if needed) and stored 
in an ice chest until analysis at SPEA’s laboratory in Bloomington.  SRP samples were filtered in 
the field through a Whatman GF-C filter.   

 
All sampling techniques and laboratory analytical methods were performed in accordance with 
procedures in Standard Methods for the Examination of Water and Wastewater, 21th Edition 
(APHA, 2005).  Plankton counts were made using a standard Sedgewick-Rafter counting cell.  
Fifteen fields per cell were counted.  Plankton identifications were made according to: Wehr and 
Sheath (2003), Prescott (1982), Ward and Whipple (1959) and Whitford and Schumacher 
(1984).  
 
4.2 Results 
4.2.1 Water quality parameters 
Temperature and oxygen profiles for Pretty Lake show that the lake was thermally stratified at 
the time of sampling (Figure 22). Pretty Lake had abundant dissolved oxygen in the surface 
waters and, in fact, there was greater than 1 mg/L of dissolved oxygen throughout the lake.  
There was a metalimnetic oxygen maximum at 16.4 ft (5 m) when we sampled the lake.  This 
supersaturated (107%) condition is usually symptomatic of intense phytoplankton 
photosynthesis.  Although the lake never reached anoxic (D.O. < 1.0 mg/L) conditions, below 8 
meters there is little oxygen available to support fish. During thermal stratification, the bottom 
waters (hypolimnion) of the lake are isolated from the well-mixed epilimnion by temperature-
induced density differences.  The boundary between these two zones, where temperature 
changes most rapidly with depth is called the metalimnion.  At the time of our sampling, the 
epilimnion was confined to the upper 10-13 feet (3 to 4 m) of water.  The sharp decline in 
temperature between about 13 and 26 feet (4 and 8 m) defines the metalimnion or transition 
zone.  The hypolimnion occupied water deeper than 26 feet (8 m). 
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Figure 22. Temperature and dissolved oxygen profiles for Pretty Lake, Marshall County, 
Indiana on July 21, 2008.                       
 
The 1% light level, which limnologists use to determine the lower limit where photosynthesis can 
occur, extended to 21.5 ft (~7 m) (Table 14). Based on the depth-area curve (Figure 12) 
approximately 40% of lake bottom (59 acres or 23.9 ha) is shallower than 21.5 ft.  This 
represents the area of the lake bottom with sufficient light to support rooted plants.  This area is 
called the littoral zone.  Furthermore, based on the depth-volume curve (Figure 12), we see that 
a volume of greater than 1500 acre-feet of Pretty Lake (71% of total lake volume) lies above the 
21.5-foot 1% light level.  This area, referred to as the photic zone, represents the amount of 
water with sufficient light to support algae growth.   
 
Phosphorus and nitrogen are the primary plant nutrients in lakes.  At 0.010 mg/L, phosphorus 
concentrations are at or below the detection limits of our analytical methods in the epilimnion 
and hypolimnion (Table 16). Because the hypolimnion is not anoxic we would not expect to see 
phosphorous release from the sediments. The low levels of phosphorous indicate that it could 
be the limiting nutrient in Pretty Lake.    
 
Nitrate nitrogen was also at the detection limits (0.013 mg/L) of our analytical methods in the 
epilimnion and hypolimnion.  Ammonia in the epilimnion was 0.036 mg/L and was at the 
detection limit of 0.018 mg/L in the hypolimnion. These values indicate that there is not excess 
nitrogen in Pretty Lake. Nitrogen could also be a limiting nutrient in the lake and could lead to 
blue-green algae dominance.  
 
Values for pH are within the normal range for Indiana lakes, pH 8.2 for the epilimnion and pH 
7.4 for the hypolimnion. Values of pH for most fresh waters fall between pH 6-9 (Kalff, 2002).  
The alkalinity values of 93 mg/L and 105 mg/L, for the epilimnion and hypolimnion, indicate that 
Pretty Lake is not a strongly buffered system. 
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Table 16. Results of Pretty  Lake, Marshall County, Indiana sampling on July 21, 2008. 
Parameter Epilimnetic

Sample 
Hypolimnetic 
Sample 

Indiana TSI Points 
(based on mean values) 

 pH 8.2 7.4 - 
Alkalinity 93 mg/L 105 mg/L - 
Conductivity 242 μmhos 261 μmhos - 
Turbidity  1.6 NTU 3.6 NTU - 
Secchi Depth Transparency 2.7 meters - 0 
Light Transmission @ 3 ft. 20.0 % - - 
1% Light Level 21.5 feet - 4 
Total Phosphorous 0.043 mg/L 0.043 mg/L 2 
Soluble Reactive Phosphorous 0.010* mg/L 0.010* mg/L 0 
Nitrate-Nitrogen 0.013* mg/L 0.013* mg/L 0 
Ammonia-Nitrogen 0.036 mg/L 0.018* mg/L 0 
Organic Nitrogen 0.432 mg/L 0.471 mg/L 4 
Oxygen Saturation @ 5ft. 107.4 % - 0 
% Water Column Oxic 100.00 % - - 
Plankton Density  1522/L - 0 
Blue-Green Dominance 78.6 % - 10 
Chlorophyll a 1.99 μg/L - 0 
*Method detection limit  TSI Score                    20 

 
Plankton enumerated from the sample collected from Pretty Lake are shown in Table 17.  
Aphanizomenon, a blue-green algae, was the most dominant genera found and accounted for 
over half the plankton density. In addition to this particular blue-green alga, other blue-green 
species contributed to the overall plankton dominance by blue-greens of 78.6%.  Blue-greens 
are usually associated with degraded water quality.  Blue-green algae are less desirable in 
lakes because they: 1) may form extremely dense nuisance blooms; 2) may cause taste and 
odor problems; and 3) are unpalatable as food for many zooplankton grazers.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Pretty Lake Diagnostic Study DRAFT-Subject to Revisions  January 2009 
Marshall County, Indiana   

JFNew File 070893.00  Page 48 
 

 
Table 17.  The plankton sample representing the species assemblage on July 21, 2008. 

SPECIES ABUNDANCE (#/l) 
Blue-Green Algae (Cyanophyta)  

Anabaena 78 
Aphanizomenon 925 
Chroococcus 8 
Lyngbya 163 
Miscellaneous blue-green 23 
Spirulina 8 

Green Algae (Chlorophyta)  
Gomphosphaeria 93 

Diatoms (Bacillariophyta)  
Fragilaria 16 

Other Algae  
Ceratium 16 
Dinobryon 47 

Zooplankton  
Keratella 16 
Bosmina 0.1 
Daphnia 1.3 
Diaphanosoma 0.2 
Calanoid Copepod 0.6 
Cyclopoid Copepod 1.6 
Nauplius 3.2 
Protozoa 31 

 
4.2.2 Water Budget 
Lake managers need to know how long water that enters a lake stays there in order to make 
good management decisions for the lake.  In order to determine the amount of time it takes 
water that falls on or runs into the lake to theoretically leave the lake you first have to quantify 
sources of water (inputs) and the discharges of water (exports).  Inputs of water to Pretty Lake 
are limited to: 
 

1. direct precipitation to the lake 
2. discharge from the inlet streams 
3. sheet runoff from land immediately adjacent to the lake 
4. groundwater 
 

Water leaves the lake system from: 
 

1. discharge from the individual lakes’  
2. outlet channel  
3. evaporation  
4. groundwater 

 
There are no discharge gages in the watershed to measure water inputs and the limited scope 
of this study did not allow us to determine quantitatively annual water inputs or outputs.  
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Therefore we must estimate the water budget for lakes from other records.   
 

• Direct precipitation to the lakes can be calculated from mean annual precipitation 
falling directly on the lakes’ surface.   

• Runoff from the lakes’ watershed can be estimated by applying runoff coefficients.  A 
runoff coefficient refers to the percentage of precipitation that occurs as surface 
runoff, as opposed to that which soaks into the ground.  Runoff coefficients may be 
estimated by comparing discharge from a nearby gaged watershed of similar land 
and topographic features, to the total amount of precipitation falling on that 
watershed.  The nearest gaged watershed is a U.S.G.S. gaging station on the Yellow 
River at Plymouth, Indiana (Morlock et al., 2004).  The 58-year (1949–2006) mean 
annual discharge from this watershed is 268 cfs (cubic feet per second).  With a 
mean annual precipitation for Marshall County of 36.78 inches (Smallwood, 1980), 
this means that on average, 33.6 % of the rainfall falling on this watershed runs off 
on the land surface.   

• There exist no groundwater records for the lake so we must assume that 
groundwater inputs equal outputs.   

• We can estimate evaporation losses by applying evaporation rate data to the lakes.  
Evaporation rates are determined at six sites around Indiana by the National Oceanic 
and Atmospheric Administration (NOAA).  The nearest site to the study lakes is 
located in Valparaiso, Indiana.  Annual evaporation from a ‘standard pan’ at the 
Valparaiso site averages 28.05 inches per year.  Because evaporation from the 
standard pan overestimates evaporation from a lake by about 30%, we correct the 
evaporation rate by this percentage, which yields an estimated evaporation rate from 
the lake surface of 19.95 inches per year.  Multiplying this rate times the surface area 
of each lake yields an estimated volume of evaporative water loss from the study 
lakes. 

 
The water budget for Pretty Lake, based on the assumptions discussed above, is shown in 
Table 18.  When the volume of water flowing out of Pretty Lake is divided by the lake’s volume, 
a hydraulic residence time of 3.0 years results.  This means that on average, water entering the 
lake stays in the lake for 3 years before it flows out.  This hydraulic residence time is longer than 
other glacial lakes in this part of the country.  In a study of 95 north temperate lakes in the U.S., 
the mean hydraulic residence time for the lakes was 2.12 years (Reckhow and Simpson, 1980).  
Most glacial lakes have a watershed area to lake surface area ratio of around 10:1 (Vant, 1987).  
Pretty Lake, with a watershed area to lake surface area ratio of 5.6:1, has a smaller watershed 
than the average cited in Vant, and because of its mean depth of 21.7 feet, the relatively large 
volume of Pretty Lake contributes to its longer hydraulic residence time. 
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Table 18.  Water budget calculations for Pretty Lake, Marshall County, Indiana. 
Watershed Pretty Lake - Marshall Co. 
Watershed size (ac) 539.3 
Mean watershed runoff (ac-
ft/yr) 556 
Lake volume (ac-ft) 2103 
  
Closest gaged stream Yellow River, Plymouth 
  Stream watershed (mi2) 294 
  Stream watershed (acres) 188160 
  Mean annual daily Q (cfs) 268 
  Mean annual total Q (ac-ft/yr) 194023 
  Mean ppt (in/yr) 36.78 
  Mean watershed ppt (ac-ft/yr) 576710 
  Watershed C 0.33643 
  
Pan evaporation (in/yr) 28.05 
Pan evaporation coefficient 0.70 
Lake surface area (acres) 97 
Estimated lake evaporation (ac-
ft) 158 
Direct precipitation to lake (ac-
ft) 297 
  
  = input data 
  = output data 
  
Water Budget Summary   
Direct precipitation to lake (ac-
ft) 297 
Runoff from watershed (ac-ft) 556 
Evaporation (ac-ft) 158 
   TOTAL LAKE OUTPUT (ac-ft) 694 
  
Hydraulic residence time (yr) 3.0 

 
 
4.2.3 Phosphorus modeling 
The limited scope of this LARE study did not allow us to determine phosphorus inputs and 
outputs outright.  Therefore, we have used a standard phosphorus model to estimate the 
phosphorus budget.  Reckhow et al. (1980) compiled phosphorus loss rates from various land 
use activities as determined by a number of different studies, and from this, they calculated 
phosphorus export coefficients for various land uses.  We used mid-range estimates of these 
phosphorus export coefficient values for all watershed land uses (Table 19).  Phosphorus export 
coefficients are expressed as kilograms of phosphorus lost per hectare of land per year.  The 
export coefficient for a particular land use was multiplied by the area of land in that land use 
category to derive an estimate of annual phosphorus export (as kg/year) for each land use 
(Table 19).   
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Table 19.  Phosphorus export coefficients (units are kg/hectare except the septic 
category, which are kg/capita-yr). 

Estimate Range Agriculture Forest Precipitation Urban Septic 
High 3.0 0.45 0.6 5.0 1.8 
Mid 0.40-1.70 0.15-0.30 0.20-0.50 0.80-3.0 0.4-0.9 
Low 0.10 0.2 0.15 0.50 0.3 

              Source:  Reckhow and Simpson (1980) 
 
We estimated direct phosphorus input via precipitation to the lakes by multiplying mean annual 
precipitation in Marshall County (36.8 in./yr) times the surface area of the lake times a typical 
phosphorus concentration in Indiana precipitation (0.03 mg/L).  Because homes surrounding 
Pretty Lake are on sewer, there is likely no phosphorus input from septic systems. 
 
The results, shown in Table 20, yielded an estimated 323 kg of phosphorus loading to Pretty 
Lake from its watershed and from precipitation annually.  The greatest estimated source of 
phosphorus loading to the lake is from row crop agriculture in the watershed (over 77% of total).   
 
We can examine the relationships among the primary parameters that affect a lake’s 
phosphorus concentration by using a phosphorus-loading model such as the widely used 
Vollenweider (1975) model.  Vollenweider’s empirical model says that the concentration of 
phosphorus ([P]) in a lake is proportional to the areal phosphorus loading (L, in g/m2 lake area - 
year), and inversely proportional to the product of mean depth ( z ) and hydraulic flushing rate 
(ρ) plus a constant (10): 

 
    L              

                                                [P] =   10+ ρz  
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Table 20.  Phosphorus loading model for Pretty Lake, Marshall County, Indiana 

Phosphorus Loading - Lake Response Model 
LAKE: Pretty  DATE: 10/13/2008
COUNTY:  Marshall     
STATE: Indiana     

INPUT DATA  Unit    
Area, Lake 97 acres   
Volume, Lake 2103 ac-ft    
Mean Depth 21.7 ft    
Hydraulic Residence Time 3.00 yr    
Flushing Rate 0.33 1/yr    
Mean Annual Precipitation 0.93 m     
[P] in precipitation  0.03 mg/l    
[P] in epilimnion  0.043 mg/l    
[P] in hypolimnion 0.043 mg/l    
Volume of epilimnion 960 ac-ft    
Volume of hypolimnion 1143 ac-ft    

Land Use (in watershed) Area  
P-export 
Coefficient 

Deciduous Forest 63.00 hectare 0.2 kg/ha-yr 
Emergent Herbaceous Wetlands 3.40 hectare 0.1 kg/ha-yr 
Evergreen Forest 0.40 hectare 0.15 kg/ha-yr 
High Intensity Residential 0.30 hectare 1.5 kg/ha-yr 
High Intensity:Commercial/Ind 0.40 hectare 1.3 kg/ha-yr 
Low Intensity Residential 6.0 hectare 0.8 kg/ha-yr 
Mixed Forest 0.1 hectare 0.175 kg/ha-yr 
Pasture/Hay 83.8 hectare 0.5 kg/ha-yr 
Row Crops 250.3 hectare 1 kg/ha-yr 
Woody Wetlands 15.2 hectare 0.1 kg/ha-yr 

Septic Systems        0  0.50 kg/ha-yr 
      

OUTPUT      
P load from watershed 312.5 kg/yr    
P load from precipitation 10.96 kg/yr    
P load from septic systems 0.00 kg/yr    
Total External P load 323.47 kg/yr    
Areal P loading 0.824 g/m2/yr    
Predicted P from Vollenweider 0.068 mg/l    
Back Calculated L total 0.525 g/m2/yr    
Estimation of L internal -0.299 g/m2/yr    
% of External Loading 157.0 %    
% of Internal Loading -57.0 %     
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5.0 DISCUSSION 
 
5.1 Background 
The interpretation of a comprehensive set of water quality data can be quite complicated.  
Often, attention is directed at the important plant nutrients (phosphorus and nitrogen) and to 
water transparency (Secchi disk) since dense algal blooms and poor transparency greatly affect 
the health and use of lakes.  Limnologists must compare data from the lake in question to 
standards, if they exist, to other lakes, or to criteria that most limnologists agree upon.  There 
are no nutrient standards for Indiana lakes so we must compare the Pretty Lake results with 
data from other lakes and with generally accepted criteria.  The following is a description of 
some of the parameters analyzed during the lake sampling efforts or included in the discussion. 
 
Temperature.  Temperature can determine the form, solubility, and toxicity of a broad range of 
aqueous compounds.  For example, water temperature affects the amount of oxygen dissolved 
in the water column.  Likewise, life associated with the aquatic environment in any location has 
its species composition and activity regulated by water temperature.  Since essentially all 
aquatic organisms are ‘cold-blooded’ the temperature of the water regulates their metabolism 
and ability to survive and reproduce effectively (USEPA, 1976).  The Indiana Administrative 
Code (327 IAC 2-1-6) sets maximum temperature limits to protect aquatic life for Indiana waters.  
For example, temperatures during the summer months should not exceed 90 oF (32.2 oC).   
 
Dissolved Oxygen (DO).   DO is the dissolved gaseous form of oxygen.  It is essential for 
respiration of fish and other aquatic organisms.  Fish need at least 3 to 5 mg/L of DO.  
Coldwater fish such as trout generally require higher concentrations of DO than warmwater fish 
such as bass or bluegill.  The IAC sets minimum DO concentrations at 4 mg/L for warmwater 
fish, but all waters must have a daily average of 5 mg/L.  DO enters water by diffusion from the 
atmosphere and as a byproduct of photosynthesis by algae and plants.  Excessive algae growth 
can over-saturate (greater than 100% saturation) the water with DO.  Conversely, dissolved 
oxygen is consumed by respiration of aquatic organisms, such as fish, and during bacterial 
decomposition of plant and animal matter. 
 
Conductivity.   Conductivity is a measure of the ability of an aqueous solution to carry an 
electric current.  This ability depends on the presence of ions: on their total concentration, 
mobility, and valence (APHA, 1998).  Rather than setting a conductivity standard, the IAC sets a 
standard for dissolved solids (750 mg/L).  Multiplying a dissolved solids concentration by a 
conversion factor of 0.55 to 0.75 μmhos per mg/L of dissolved solids roughly converts a 
dissolved solids concentration to specific conductance (Allan, 1995).  Thus, converting the IAC 
dissolved solids concentration standard to specific conductance by multiplying 750 mg/L by 0.55 
to 0.75 μmhos per mg/L yields a specific conductance range of approximately 1000 to 1360 
μmhos.  This report presents conductivity measurements at each site in μmhos. 
 
Nutrients. Limnologists measure nutrients to predict the amount of algae growth and/or rooted 
plant (macrophyte) growth that is possible in a lake.  Algae and rooted plants are a natural and 
necessary part of aquatic ecosystems.  Both will always occur in a healthy lake.  Complete 
elimination of algae and/or rooted plants is neither desirable nor even possible and should, 
therefore, never be the goal in managing a lake.  Algae and rooted plant growth can, however, 
reach nuisance levels and interfere with the aesthetic and recreational uses of a lake.  
Limnologists commonly measure nutrient concentrations in aquatic ecosystem evaluations to 
determine the potential for such nuisance growth. 
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Like terrestrial plants, algae and rooted aquatic plants rely primarily on phosphorus and nitrogen 
for growth. Aquatic plants receive these nutrients from fertilizers, human and animal waste, 
atmospheric deposition in rainwater, and yard waste or other organic material that reaches the 
lake or stream.  Nitrogen can also diffuse from the air into the water.  This nitrogen is then 
“fixed” by certain algae species into a usable, “edible” form of nitrogen.  Because of this readily 
available source of nitrogen (the air), phosphorus is usually the “limiting nutrient” in aquatic 
ecosystems.  This means that it is actually the amount of phosphorus that controls plant growth 
in a lake or stream.   
 
Phosphorus and nitrogen have several forms in water.  The two common phosphorus forms are 
soluble reactive phosphorus (SRP) and total phosphorus (TP).  SRP is the dissolved form 
of phosphorus.  It is the form that is “usable” by algae.  Algae cannot directly digest and use 
particulate phosphorus.  Total phosphorus is a measure of both dissolved and particulate forms 
of phosphorus.  The most commonly measured nitrogen forms are nitrate-nitrogen (NO3), 
ammonium-nitrogen (NH4

+), and total Kjeldahl nitrogen (TKN).  Nitrate is a dissolved form of 
nitrogen that is commonly found in the upper layers of a lake or anywhere that oxygen is readily 
available. In contrast, ammonium-nitrogen is generally found where oxygen is lacking.   Anoxia, 
or a lack of oxygen, is common in the lower layers of a lake. Ammonium is a byproduct of 
decomposition generated by bacteria as they decompose organic material.  Like SRP, 
ammonium is a dissolved form of nitrogen and the one utilized by algae for growth.  The TKN 
measurement parallels the TP measurement to some extent.  TKN is a measure of the total 
organic nitrogen (particulate) and ammonium-nitrogen in the water sample. 
 
While the United States Environmental Protection Agency (USEPA) has established some 
nutrient standards for drinking water safety, it has not established similar nutrient standards for 
protecting the biological integrity of a lake.  (The USEPA, in conjunction with the States, is 
currently working on developing these standards.)  The USEPA has issued recommendations 
for numeric nutrient criteria for lakes (2000a).  While these are not part of the Indiana 
Administrative Code, they serve as potential target conditions for which watershed managers 
might aim. Other researchers have suggested thresholds for several nutrients in lake 
ecosystems as well (Carlson, 1977; Vollenweider, 1975). Lastly, the IAC requires that all waters 
of the state have a nitrate concentration of less than 10 mg/L, which is the drinking water 
standard for the state.   
 
With respect to lakes, limnologists have determined the existence of certain thresholds for 
nutrients above which changes in the lake’s biological integrity can be expected.  For example, 
Correll (1998) found that soluble reactive phosphorus concentrations of 0.005 mg/L are enough 
to maintain eutrophic or highly productive conditions in lake systems. For total phosphorus 
concentrations, 0.03 mg/L (0.03 ppm – parts per million or 30 ppb – parts per billion) is the 
generally accepted threshold.  Total phosphorus concentrations above this level can promote 
nuisance algae blooms in lakes.  The USEPA’s recommended nutrient criterion for total 
phosphorus is fairly low, 14.75 μg/L (2000a).  This is an unrealistic target for many Indiana 
lakes.  It is unlikely that IDEM will recommend a total phosphorus criterion this low for 
incorporation in the IAC.  Similarly, the USEPA’s recommended nutrient criterion for nitrate-
nitrogen in lakes is low at 8 μg/L.  This is below the detection limit of most laboratories.  In 
general, levels of inorganic nitrogen (which includes nitrate-nitrogen) that exceed 0.3 mg/L may 
also promote algae blooms in lakes.  High levels of nitrate-nitrogen can be lethal to fish.  The 
nitrate LC50 is 5 mg/L for logperch, 40 mg/L for carp, and 100 mg/L for white sucker.   
(Determined by performing a bioassay in the laboratory, the LC50 is the concentration of the 
pollutant being tested, in this case nitrogen, at which 50% of the test population died in the 
bioassay.) The USEPA’s recommended criterion for total Kjeldahl nitrogen in lakes is 0.56 mg/L. 
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It is important to remember that none of the threshold or recommended concentrations listed 
above are state standards for water quality.  They are presented here to provide a frame of 
reference for the concentrations found in Pretty Lake.  The IAC sets only nitrate-nitrogen and 
ammonia-nitrogen standards for waterbodies in Indiana.  The IAC requires that all waters of the 
state have a nitrate-nitrogen concentration of less than 10 mg/L, which is the drinking water 
standard for the state.  The IAC standard for ammonia-nitrogen depends upon the water’s pH 
and temperature, since both can affect ammonia-nitrogen’s toxicity.  The Pretty Lake samples 
did not exceed the state standard for either nitrate-nitrogen or ammonia-nitrogen. 
 
Secchi Disk Transparency.  This refers to the depth to which the black and white Secchi disk 
can be seen in the lake water.  Water clarity, as determined by a Secchi disk, is affected by two 
primary factors: algae and suspended particulate matter.  Particulates (for example, soil or dead 
leaves) may be introduced into the water by either runoff from the land or from sediments 
already on the bottom of the lake.  Many processes may introduce sediments from runoff; 
examples include erosion from construction sites, agricultural land, and riverbanks.  Bottom 
sediments may be resuspended by bottom feeding fish such as carp, or in shallow lakes, by 
motorboats or strong winds. In general, lakes possessing Secchi disk transparency depths 
greater than 15 feet (4.5 m) have outstanding clarity.  Lakes with Secchi disk transparency 
depths less than 5 feet (1.5 m) possess poor water clarity (ISPCB, 1976; Carlson, 1977).  The 
USEPA recommended a numeric criterion of 10.9 feet (3.3 m) for Secchi disk depth in lakes 
(2000a). 
 
Light Transmission.  Similar to the Secchi disk transparency, this measurement uses a light 
meter (photocell) to determine the rate at which light transmission is diminished in the upper 
portion of the lake’s water column.  Another important light transmission measurement is 
determination of the 1% light level.  The 1% light level is the water depth to which one percent of 
the surface light penetrates.  This is considered the lower limit of algal growth in lakes. The 
volume of water above the 1% light level is referred to as the photic zone.   
 
Plankton.  Plankton are important members of the aquatic food web.  Plankton include the 
algae (microscopic plants) and the zooplankton (tiny shrimp-like animals that eat algae).  
Plankton are collected by towing a net with a very fine mesh (63-micron openings = 63/1000 
millimeter) up through the lake’s water column from the one percent light level to the surface.  
Of the many different planktonic species present in the water, the blue-green algae are of 
particular interest.  Blue-green algae are those that most often form nuisance blooms and their 
dominance in lakes may indicate poor water conditions. 
 
Chlorophyll a.  The plant pigments in algae consist of the chlorophylls (green color) and 
carotenoids (yellow color).  Chlorophyll a is by far the most dominant chlorophyll pigment and 
occurs in great abundance.  Thus, chlorophyll a is often used as a direct estimate of algal 
biomass. In general, chlorophyll a concentrations below 2 mg/L are considered low, while those 
exceeding 10 mg/L are considered high and indicative of poor water quality.  The USEPA 
recommended a numeric criterion of 2.6 mg/L as a target concentration for lakes in Aggregate 
Nutrient Ecoregion VII (2000a). 
 
Vollenweider’s Model.   Results of studies conducted by Richard Vollenweider in the 1970's 
are often used as guidelines for evaluating concentrations of water quality parameters.  
Vollenweider relates the concentrations of selected water quality parameters to a lake's trophic 
state.  The trophic state of a lake refers to its overall level of nutrition or biological productivity.  
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Trophic categories include: oligotrophic, mesotrophic, eutrophic and hypereutrophic.  Lake 
conditions characteristic of these trophic states are: 
 
Oligotrophic - lack of plant nutrients keep productivity low, lake contains oxygen at all 

depths, clear water, deeper lakes can support trout. 
Mesotrophic - moderate plant productivity, hypolimnion may lack oxygen in summer, 

moderately clear water, warm water fisheries only - bass and perch may 
dominate. 

Eutrophic - contains excess nutrients, blue-green algae dominate during summer, 
algae scums are probable at times, hypolimnion lacks oxygen in summer, 
poor transparency, rooted macrophyte problems may be evident. 

Hypereutrophic - algal scums dominate in summer, few macrophytes, no oxygen in 
hypolimnion, fish kills possible in summer and under winter ice. 

 
The units in the table are either milligrams per liter (mg/L) or micrograms per liter (μg/L). One 
mg/L is equivalent to one part per million (PPM) while one microgram per liter is equivalent to 
one part per billion (PPB).  Remember that these are only guidelines – similar concentrations in 
your lake may not cause problems if something else is limiting the growth of algae or rooted 
plants. 
 
The Indiana TSI.    The large amount of water quality data collected during lake water quality 
assessments can be confusing to evaluate.  Because of this, Indiana and many other states use 
a trophic state index (TSI) to help evaluate water quality data.  A TSI condenses water quality 
data into a single, numerical index.  Different index (or eutrophy) points are assigned for various 
water quality concentrations.  The index total, or TSI, is the sum of individual eutrophy points for 
a lake.   
 
The Indiana TSI (IDEM, 1986) ranges from 0 to 75 total points.  The TSI totals are grouped into 
the following three lake quality classifications: 
 

TSI Total  Water Quality Classification 
0-15  highest quality (oligotrophic) 
16-30  intermediate quality (mesotrophic) 
31-45  low quality (eutrophic) 
46-60  lowest quality (hypereutrophic) 

 
A rising TSI score for a particular lake from one year to the next indicates that water quality is 
worsening while a lower TSI score indicates improved conditions.  However, natural factors 
such as climate variation can cause changes in TSI score that do not necessarily indicate a 
long-term change in lake condition.  Parameters and values used to calculate the Indiana TSI 
are given in Table 21. 
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Table 21. The Indiana Trophic State Index 
Parameter and Range Eutrophy Points 
I. Total Phosphorus (ppm) 

A. At least 0.03  1 
B. 0.04 to 0.05  2 
C. 0.06 to 0.19  3 
D. 0.2 to 0.99  4 
E. 1.0 or more  5 

 
II. Soluble Phosphorus (ppm)  

A. At least 0.03  1 
B. 0.04 to 0.05  2 
C. 0.06 to 0.19  3 
D. 0.2 to 0.99  4 
E. 1.0 or more  5 

 
III. Organic Nitrogen (ppm) 

A. At least 0.5  1 
B. 0.6 to 0.8  2 
C. 0.9 to 1.9  3 
D. 2.0 or more  4 

 
IV. Nitrate (ppm)  

A. At least 0.3  1 
B. 0.4 to 0.8  2 
C. 0.9 to 1.9  3 
D. 2.0 or more  4  

 
V. Ammonia (ppm)   

A. At least 0.3  1 
B. 0.4 to 0.5  2 
C. 0.6 to 0.9  3 
D. 1.0 or more  4 

 
VI. Dissolved Oxygen: 

Percent Saturation at 5 feet from surface 
A. 114% or less  0 
B. 115% 50 119%  1 
C. 120% to 129%  2 
D. 130% to 149%  3 
E. 150% or more  4  

 
VII. Dissolved Oxygen: 

Percent of measured water column with at 
least 0.1 ppm dissolved oxygen 
A. 28% or less  4 
B. 29% to 49%  3 
C. 50% to 65%  2 
D. 66% to 75%  1 
E. 76% 100%  0 
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VIII. Light Penetration (Secchi Disk)  
A. Five feet or under  6 

 
IX. Light Transmission (Photocell) : Percent of light transmission 
 at a depth of 3 feet 

A. 0 to 30%  4 
B. 31% to 50%  3 
C. 51% to 70%  2 
D. 71% and up  0 

 
 X. Total Plankton per liter of water sampled from a single vertical 
 tow between the 1% light level and the surface: 

A. less than 3,000 organisms/L   0 
B. 3,000 - 6,000 organisms/L   1 
C. 6,001 - 16,000 organisms/L   2 
D. 16,001 - 26,000 organisms/L   3 
E. 26,001 - 36,000 organisms/L   4 
F. 36,001 - 60,000 organisms/L   5 
G. 60,001 - 95,000 organisms/L  10 
H. 95,001 - 150,000 organisms/L  15 
I. 150,001 - 5000,000 organisms/L  20 
J. greater than 500,000 organisms/L  25 
K. Blue-Green Dominance: additional points  10 
 

The Indiana TSI has not been statistically validated.  It tends to rely too heavily on algae and 
does not weigh poor transparency or nutrients high enough in the total score.  For these 
reasons, the Carlson TSI may be more appropriate to use in evaluating Indiana lake data. 
 
The Carlson TSI.  The most widely used and accepted TSI is one developed by Bob Carlson 
(1977) called the Carlson TSI.  Carlson analyzed summertime total phosphorus, chlorophyll a, 
and Secchi disk transparency data for numerous lakes and found statistically significant 
relationships among the three parameters.  He developed mathematical equations for these 
relationships and these form the basis for the Carlson TSI.  Using this index, a TSI value can be 
generated by one of three measurements: Secchi disk transparency, chlorophyll a or total 
phosphorus.  Data for one parameter can also be used to predict a value for another.  The TSI 
values range from 0 to 100.  Each major TSI division (10, 20, 30, etc.) represents a doubling in 
algal biomass. As a further aid in interpreting TSI results Carlson's scale is divided into four lake 
productivity categories: oligotrophic (least productive), mesotrophic (moderately productive); 
eutrophic (very productive) and hypereutrophic (extremely productive).   
 
Not all lakes have the same relationship between transparency, chlorophyll and total 
phosphorus as Carlson's lakes do.  Other factors such as high suspended sediments or heavy 
predation of algae by zooplankton may keep chlorophyll concentrations lower than might 
otherwise be expected from the total phosphorus or chlorophyll concentrations.  High 
suspended sediments would also make transparency worse than otherwise predicted by 
Carlson's index.  
 
It is also useful to compare the actual trophic state points for a particular lake from one year to 
the next to detect any trends in changing water quality.  While climate and other natural events 
will cause some variation in water quality over time (possibly 5-10 trophic points), larger point 
changes may indicate important changes in lake quality. 
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5.2. Data Analysis 
A wide variety of conditions, including geography, morphometry, time of year, and watershed 
characteristics, can influence the water quality of lakes.  To help place lake data into 
perspective, consider the following data for 456 Indiana lakes collected during July and August 
1994-2004 under the Indiana Clean Lakes Program (Table 22).  The set of data summarized in 
the table represents mean values of epilimnetic and hypolimnetic samples for each of the 456 
lakes. Pretty Lake’s values for these water quality parameters were all better than these median 
statewide values except for dominance by blue-green algae.  However, overall algal densities 
were relatively low in Pretty Lake.    
 
Table 22.  Water quality characteristics of 456 Indiana Lakes sampled from 1994-2004 by 
the Indiana Clean Lakes Program (Epiliminion and hypolimnion data averaged).   
 Secchi 

Disk (ft) 
NO3 
(mg/L) 

NH4 
(mg/L) 

TKN 
(mg/L) 

SRP 
(mg/L) 
 

TP 
(mg/L) 

Chl a 
(µg/L) 
 

Plankton 
(NU/L) 
 

Bl-Green 
Dominance 
(%) 

Median 6.9 0.275 0.818 1.66 0.12 0.17 12.9 35,570 53.8 

Maximum 32.8 9.4 22.5 27.05 2.84 2.81 380.4 753,170 100 

Minimum 0.3 0.01 0.004 0.230 0.01 0.01 0.013 39 0.08 
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Figure 23: A comparison of nutrient levels in Pretty Lake, Marshall County, Indiana with 
the median nutrient levels from 456 Indiana Lakes sampled from 1994-2004. 
 
Figures 23-25 compare the results of the 2008 sampling in Pretty Lake from all years to that of 
the Indiana Clean Lakes program median for all Indiana Lakes. Pretty Lake has significantly 
lower Total Nitrogen, Ammonia, and Nitrate concentrations then other Indiana Lakes.   Total and 
dissolved phosphorus concentrations, average less then half the median concentration of other 
Indiana Lakes (Figure 23).   Chlorophyll a concentrations at or below 2 mg/l are significantly less 
then the statewide median of nearly 13 mg/l and the corresponding secchi disk readings are 
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nearly twice as deep as the state wide median measurement; however, the secchi disk reading 
do appear to be trending downward (getting worse) from 1975 to present (Figure 24).  The 
Indiana TSI scores trend downward from 1975 to 1999 and then rise again in 2004 and 2008 
(Table 21 and Figure 25) suggesting water quality was generally improving until 1999 and then 
the process was reversed. 
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Figure 24.  Chlorophyll a and Secchi disk readings from Pretty Lake, Marshall County 
Indiana, compared to median measurements from 456 Indiana Lakes sampled from 1994-
2004.  Source: Indiana Department of Environmental Management. “Clean Lakes Program.” 1989,1995, 1999, 2004. 
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Figure 25.  Indiana TSI scores from Pretty Lake, Marshall County, Indiana. Source: Indiana 
Department of Environmental Management. “Clean Lakes Program.” 1989,1995, 1999, 2004. 
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Table 23. Pretty Lake: Indiana Trophic Index 1989, 1995, 1999, 2004 and 2008. Source: Indiana 
Department of Environmental Management. “Clean Lakes Program.” 1989,1995, 1999, 2004. 

  1989 1995 1999 2004 2008 

Pretty Lake 21 13 8 22 20 
 
 
The Indiana Trophic State Index values calculated for Pretty Lake from assessments conducted 
under the Indiana Clean Lakes Program are shown in Table 23. Pretty Lake was assessed in 
1989, 1995, 1999, and 2004 by the Clean Lakes Program and in 2008 under the current study.  
The ITSI scores have been typically low for an Indiana lake, ranging from 8 in 1999 to a high of 
22 in 2004.   Pretty Lake’s TSI scores for almost all measurements are better then most Indiana 
Lakes (Table 24).  
 
Table 24.  Comparison of Pretty Lake to the median for all Indiana Lakes for selected 
water parameters. 

 Lake  Secchi 
Disk 

 
NO3 

 
NH4 

 
TKN 

 
SRP 

Total  
Phos. 

 
Chl a 

 
Plankton 

Bl-green  
dominance

Pretty better better better better better better better better worse 

 
 
When compared to Carlson’s Secchi Disk and Chlorophyll TSIs, Pretty Lake fell into the 
mesotrophic category for Secchi disk transparency and chlorophyll and into the eutrophic 
category for total phosphorous (Figure 26).   
 

 Figure 26.  Carlson’s Trophic State Index with Pretty Lake scores indicated with arrows. 
 
Comparing the recent Pretty Lake sample results (Table 25) to mean values reported by 
Vollenweider (Table 26) shows mean concentrations of total nitrogen, and chlorophyll a 
occurring in the Oligotrophic range and the total phosphorus concentrations between the 
mesotrophic and eutrophic ranges. Pretty Lake also showed no indication of internal loading of 
phosphorus from the sediments. 
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Table 25. Summary of mean total phosphorus, total nitrogen, Secchi disk transparency, 
and Chlorophyll a results for Pretty Lake, Marshall County, Indiana 

Parameter Pretty 
Total Phosphorus (mg/L or 
PPM) 0.043 
Total Nitrogen (mg/L or PPM) 0.479 
Secchi disk transparency (ft) 8.9 
Chlorophyll a (μg/L or PPB) 1.99 
Sediment phosphorus release 
factor 0 

  
Table 26.  Mean values of some water quality parameters and their relationship to lake 
production. (after Vollenweider, 1975). 
 
Parameter 

 
Oligotrophic Mesotrophic Eutrophic 

 
Hypereutrophic 

 
Total Phosphorus (mg/L or 
PPM) 

 
 
0.008 

 
0.027 

 
0.084 

 
 
>0.750 

 
Total Nitrogen (mg/L or PPM) 

 
0.661 0.753 1.875 

 
- 

 
Chlorophyll a (μg/L or PPB) 

 
1.7 4.7 14.3 

 
- 

 
 
During our July 21, 2008 sampling of Pretty Lake, the mean volume weighted phosphorus 
concentration in the lake was 0.043 mg/L.  Now it is useful to ask the question, “How much 
phosphorus loading from all sources is required to yield a mean phosphorus concentration of 
0.043 mg/L in Pretty Lake?”  By plugging this mean concentration along with the mean depth 
and flushing rate into Vollenweider’s phosphorus loading model and solving for L, we get an 
estimated areal phosphorus loading rate (mass of phosphorus per unit area of lake) of 0.525 
g/m2-yr.  This means that in order to get a mean phosphorus concentration of 0.043 mg/L in 
Pretty Lake, a total of 0.525 grams of phosphorus must be delivered to each square meter of 
lake surface area per year.   
 
The phosphorus loading model (Reckhow et al. 1980) estimated that 0.824 g/m2-yr of 
phosphorus is delivered to the lake from watershed sources each year. There are several 
possible explanations for the difference between the measured phosphorus concentration in the 
lake and the theoretical calculation of what should be in the lake based on the watershed (0.824 
g/m2-yr - 0.525 g/m2-yr = 0.229 g/m2-yr): 
 

1. The phosphorus loading model overestimated the watershed phosphorus 
delivery to the lake. 

2. The excess phosphorus settles down to the sediments where it doesn’t 
contribute to the in-lake phosphorus concentration.  

3. The results of the July 21 2008 sampling of Pretty Lake were in error or were 
an anomaly. 

 
Determining which of the above assumptions is important to explain the phosphorus dynamics 
in Pretty Lake.  Small lakes with large volumes like Pretty Lake have significantly more dilutional 
capacity than do shallower lakes of the same surface area.  Thus, they can be sinks for 
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nutrients as number 2 above suggests, up to a point.  Experiences with other lakes show that a 
lake’s capacity to assimilate phosphorus in the sediments is limited, and eventually, this limit is 
exceeded and phosphorus is released from the sediments.   
 
Results of previous samples from Pretty Lake have also shown the same or slightly higher 
concentrations of phosphorus in the hypolimnion sample than in the epilimnion sample, like this 
present year (Table 27).  For example, in 1989 hypolimnetic SRP concentration was 2 times 
that in the epilimnion.  A large difference is strong evidence of substantial internal loading of 
phosphorus.  Therefore, it is reasonable to assume that Pretty Lake’s sediments are not a 
source of internal loading of phosphorus presently, but rather, are a sink for phosphorus.  It is 
also reasonable to assume that the 2008 samples were not an error or an anomaly. 
 
Table 27.  Historic sediment phosphorus release from Pretty Lake (Hypo TP 
concentration/Epi TP concentration).  

 
YEAR 

Epilimnion 
(mg/L) 

Hypolimnion 
(mg/L) 

Sediment Phosphorus 
Release Factor 

1989 0.005 0.010 2 
1995 0.005 0.005 1 
1999 0.017 0.017 1 
2004 0.040 0.047 1.2 
2008 0.010 0.010 1 

 
 
Our experience on other lakes has shown that the runoff coefficient model of Reckhow et al. 
(1980) gives fairly accurate estimate of watershed loadings. The significance of areal 
phosphorus loading rates is better illustrated in Figure 27 in which areal phosphorus loading to 
Pretty Lake is plotted against the product of Pretty Lake’s mean depth times flushing rate.  
Overlain on this graph is a curve, based on Vollenweider’s model, which represent an 
acceptable loading rate that yields a phosphorus concentration in lake water of 30 μg/L (0.03 
mg/L).  The areal phosphorus loading rate for Pretty Lake lies slightly above the acceptable line. 
 
Figure 27 can also be used to evaluate management needs.  For example, areal phosphorus 
loading to Pretty Lake would have to be reduced from 0.824 g/m2-yr to 0.370 g/m2-yr (the 
downward vertical intercept with the line) to yield a mean lake water concentration of 0.030 
mg/L.  This represents a reduction in areal phosphorus loading of 0.454 g/m2-yr to the lake, 
which is equivalent to a total phosphorus mass loading reduction of 179.8 kg P/yr or 56% of 
current estimated total phosphorus loading to the lake.  Decisions by lake managers to improve 
lake water quality can now utilize the phosphorus load reduction estimate to target their 
available resources.  In the case of Pretty Lake, reducing external phosphorus loading by 179.8 
kg per year or 56% of the existing load (Table 28), will make a difference in water quality by 
preventing the build-up of excess phosphorus in Pretty Lake’s sediments. 
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Figure 27.  Estimated external phosphorus loadings from Reckhow and Simpson’s runoff 
coefficients to Pretty Lake, Marshall County, Indiana, compared to acceptable loadings 
determined from Vollenweider’s model.  The dark line represents the upper limit for 
acceptable loading. 
 
Table 28.  Phosphorus reduction required to achieve an acceptable loading rate and a 
mean lake concentration of 0.03 mg/L in Pretty Lake, Marshall County, Indiana, based on 
Vollenweider’s model. 

 
Lake 

Current External Total 
Areal P Loading (g/m2-yr) 

Acceptable Areal P 
Loading (g/m2-yr) 

Reduction Needed (kg 
P/yr and %) 

Pretty 0.824 0.370 179.8 kg (56%) 
 
 
5.3 Summary 
Overall, the water quality of Pretty Lake is much better than most of Indiana’s lakes.  The lake 
can be considered as oligo-mesotrophic based upon the 2008 data.  The relatively large volume 
of Pretty Lake helps to dilute nutrients washing into the lake from its watershed.  While Pretty 
Lake enjoys very good water quality today, the concentration of total phosphorus in the lake 
suggests that the lake will degrade in the future.   
 

1. The very deepest water contained diminished oxygen concentrations. This is due to the 
decomposition of organic matter on the sediments by bacteria that consume oxygen in 
the process.  The sources of this organic matter are likely algae and rooted plants 
produced within the lake, and organic material washed into the lake from the watershed; 

2. Estimated (modeled) phosphorus loadings to Pretty Lake from its watershed exceed 
suggested rates needed to maintain good water quality by 56%.  The lake’s deep 
volume has mitigated these loadings in the past but for the long-term health of the lake, 
external phosphorus loadings should be reduced;  

3. Pretty Lake’s plankton was dominated by cyanobacteria, or blue-green algae.  While 
these aren’t the most desirable algae, their densities and resulting chlorophyll 
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concentrations were low enough to not cause a discernable problem in the lake at the 
time of our sampling; 

4. The 2008 Indiana TSI score for Pretty Lake is 20, rating the lake in the mesotrophic 
category, and the Carlson’s Index also rates the lake as mesotrophic; however the 
measured phosphorus concentration are tending toward eutrophic conditions; 

5. The lake is phosphorus limited with concentrations of Total phosphorus greater then 10 
times that of Total nitrogen; 

6. The phosphorus is not being released from the sediments;    
7. Reducing the Total phosphorus concentrations in the lake will result in better water 

quality. 
 
6.0 MANAGEMENT RECOMMENDATIONS 
 
Pretty Lake has better water quality than most Indiana Lakes. The watershed to lake ratio is low 
compared to most of these lakes, which means that processes and actions directly adjacent to 
the lake, and within the lake, have a greater influence over the water quality than the watershed, 
when compared to other Indiana lakes.  Therefore, the management recommendations provided 
below stress actions that can be performed on the lake by the PLPOA and by individuals 
homeowners all around the lake.  None of the actions taken individually will result in noticeable 
lake water quality improvements. However, taken cumulatively, the actions below will add up to 
reduce the long term delivery or resuspension of phosphorus within and to the lake. 
 

1) Promote or insist on the use of Phosphorus free fertilizer (middle number in three 
number fertilizer content label = 0) for all residents adjacent to the lake or adjacent to 
roads which have drains leading to the lake.  Excess fertilizer washes to the lake during 
rain events and feed algae production as well as it feeds your lawn. 

2) Reduce the direct discharge of stormwater to the lake from roof tops or roads.  
Rainwater off roofs and roads can and should be directed to rain barrels, rain gardens, 
or other storage areas to remove pollutants (including phosphorus) before it reaches the 
lake.  The temporary storage and slow release of this water will remove many of the 
pollutants associated with storm water. 

3) Collect the water sample after an appropriate spring or summer rain event at the outlet 
to the tile drainage on the Country Club property.  If the results of the sampling indicate 
that the storm flow contains high phosphorus, nitrogen or E. coli bacteria concentrations 
then pursue the design of a wetland filter for the tile or determine the source of pollution. 

4) Insist that all disturbed land adjacent to the lakeshore, or to roads where runoff is 
directed to the lake through storm drains that lead to the lake, have adequate erosion 
control throughout the construction period.  Several incidences were noted during the in-
lake sampling for this study where significant erosion into the lake was occurring from 
home sites and private beaches. 

5) Promote the use of native plants at the shoreline including emergent vegetation in the 
shallow waters.  Even if ¼ of each lot were dedicated to a natural shoreline, the need for 
shoreline erosion protection would decrease on other areas due to the absorption of 
more wave energy.  The resuspension of nutrients would decrease in the lake and fish 
would welcome the additional habitat.  Where erosion is already occurring, consider a 
bioengineered or rock seawall over concrete and sheetpile walls. 

6) Remove all pet waste from yards adjacent to the lake and dispose of the waste in a 
location where it will not decompose and add to the nutrients in the lake. 

7) Pursue a program to reduce or eliminate purple loosestrife from the edges of the lakes. 
Purple loosestrife out competes native plants, thereby reducing the diversity of the food 
resource for aquatic biota in the critical near shore habitat.  
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Species Name Common Name STATEFED

Page 1 of 2

11/22/2005
Indiana County Endangered, Threatened and Rare Species List

GRANK SRANK

MarshallCounty:

Mollusk: Bivalvia (Mussels)

Alasmidonta viridis Slippershell Mussel G4G5 S2

Lampsilis fasciola Wavyrayed Lampmussel SSC G4 S2

Ligumia recta Black Sandshell G5 S2

Obovaria subrotunda Round Hickorynut SSC G4 S2

Pleurobema clava Clubshell LE SE G2 S1

Ptychobranchus fasciolaris Kidneyshell SSC G4G5 S2

Toxolasma lividus Purple Lilliput SSC G2 S2

Mollusk: Gastropoda

Campeloma decisum Pointed Campeloma SSC G5 S2

Lymnaea stagnalis Swamp Lymnaea SSC G5 S2

Fish

Ammocrypta pellucida Eastern Sand Darter G3 S2

Coregonus artedi Cisco SSC G5 S2

Ichthyomyzon bdellium Ohio Lamprey G3G4 S2

Reptile

Clemmys guttata Spotted Turtle SE G5 S2

Clonophis kirtlandii Kirtland's Snake SE G2 S2

Emydoidea blandingii Blanding's Turtle SE G4 S2

Sistrurus catenatus catenatus Eastern Massasauga C SE G3G4T3T4 S2

Terrapene ornata Ornate Box Turtle SE G5 S2

Thamnophis butleri Butler's Garter Snake SE G4 S1

Bird

Accipiter striatus Sharp-shinned Hawk No Status SSC G5 S2B

Ardea herodias Great Blue Heron G5 S4B

Botaurus lentiginosus American Bittern SE G4 S2B

Certhia americana Brown Creeper G5 S2B

Cistothorus palustris Marsh Wren SE G5 S3B

Dendroica cerulea Cerulean Warbler SSC G4 S3B

Ixobrychus exilis Least Bittern SE G5 S3B

Rallus elegans King Rail SE G4 S1B

Rallus limicola Virginia Rail SE G5 S3B

Wilsonia citrina Hooded Warbler SSC G5 S3B

Xanthocephalus xanthocephalus Yellow-headed Blackbird SE G5 S1B

Mammal

Spermophilus franklinii Franklin's Ground Squirrel SE G5 S2

Taxidea taxus American Badger G5 S2

Vascular Plant

Armoracia aquatica Lake Cress SE G4? S1

Aster borealis Rushlike Aster SR G5 S2

Coeloglossum viride var. virescens Long-bract Green Orchis ST G5T5 S2

Cypripedium candidum Small White Lady's-slipper WL G4 S2

Eleocharis equisetoides Horse-tail Spikerush SE G4 S1

Glyceria grandis American Manna-grass SX G5 SH

Hypericum pyramidatum Great St. John's-wort ST G4 S1

Platanthera orbiculata Large Roundleaf Orchid SX G5 SX

Poa alsodes Grove Meadow Grass SR G4G5 S2

Potamogeton friesii Fries' Pondweed ST G4 S1

Potamogeton pusillus Slender Pondweed WL G5 S2

Potamogeton strictifolius Straight-leaf Pondweed ST G5 S1

Valeriana edulis Hairy Valerian SE G5 S1

Zannichellia palustris Horned Pondweed SR G5 S2

High Quality Natural Community

Prairie - mesic Mesic Prairie SG G2 S2

Indiana Natural Heritage Data Center

Division of Nature Preserves

Indiana Department of Natural Resources

This data is not the result of comprehensive county 

surveys.

Fed: LE = Endangered; LT = Threatened; C = candidate; PDL = proposed for delisting

State: SE = state endangered; ST = state threatened; SR = state rare; SSC = state species of special concern; 

SX = state extirpated; SG = state significant; WL = watch list

GRANK: Global Heritage Rank: G1 = critically imperiled globally; G2 = imperiled globally; G3 = rare or uncommon 

globally; G4 = widespread and abundant globally but with long term concerns; G5 = widespread and abundant 

globally; G? = unranked; GX = extinct;  Q = uncertain rank; T = taxonomic subunit rank

SRANK: State Heritage Rank: S1 = critically imperiled in state; S2 = imperiled in state; S3 = rare or uncommon in state; 

G4 = widespread and abundant in state but with long term concern; SG = state significant; SH = historical in 

state; SX = state extirpated; B = breeding status; S? = unranked; SNR = unranked; SNA = nonbreeding status 

unranked



Species Name Common Name STATEFED

Page 2 of 2

11/22/2005
Indiana County Endangered, Threatened and Rare Species List

GRANK SRANK

MarshallCounty:

Wetland - beach marl Marl Beach SG G3 S2

Wetland - bog acid Acid Bog SG G3 S2

Wetland - fen Fen SG G3 S3

Wetland - flat muck Muck Flat SG G2 S2

Indiana Natural Heritage Data Center

Division of Nature Preserves

Indiana Department of Natural Resources

This data is not the result of comprehensive county 

surveys.

Fed: LE = Endangered; LT = Threatened; C = candidate; PDL = proposed for delisting

State: SE = state endangered; ST = state threatened; SR = state rare; SSC = state species of special concern; 

SX = state extirpated; SG = state significant; WL = watch list

GRANK: Global Heritage Rank: G1 = critically imperiled globally; G2 = imperiled globally; G3 = rare or uncommon 

globally; G4 = widespread and abundant globally but with long term concerns; G5 = widespread and abundant 

globally; G? = unranked; GX = extinct;  Q = uncertain rank; T = taxonomic subunit rank

SRANK: State Heritage Rank: S1 = critically imperiled in state; S2 = imperiled in state; S3 = rare or uncommon in state; 

G4 = widespread and abundant in state but with long term concern; SG = state significant; SH = historical in 

state; SX = state extirpated; B = breeding status; S? = unranked; SNR = unranked; SNA = nonbreeding status 

unranked



  

 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX B: 
 
 

Pretty Lake, Marshall County, History 
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APPENDIX C: 
 
 

Boat Count 
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June 19, 2008
6-10:30 AM 11-1 AM/PM 1-4 PM 4-8 PM

Fishing 1
Pontoon 1 2
Speedboat 1 1
Kayak
Canoe
Paddle boat

Boat Count



July 4, 2008
7-9 AM 10:30 AM Noon 2:00 PM 3:30 PM 5:00 PM 6:30 PM 9:00 PM

Fishing 5 5 5 3 1 1
Pontoon 1 3 7 13 7 8
Speedboat 1 6 5 3 4
Kayak
Canoe 1
Paddle boat 1

Boat Count



July 15, 2008
6-8 AM 10-12 Noo1-4 PM 6-9 PM

Fishing 2 4 1
Pontoon 1 4
Speedboat 3
Kayak
Canoe
Paddle boat

Boat Count



 


